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3.0 REQUIREMENTS.
3.1 SHUTTLE SYSTEM DEFINITION.

3.1.1 Shuttle System Elements.

3.1.1.1 Flight Vehicle Elements. The elements of the Shuttle Flight Vehicle
shown in Figure 3.1.1.1 shall be:

a. Orbiter Vehicle

b. Liquid Rocket Booster *

c. External Tank

d. Space Shuttle Main Engine
Characteristics of these elements are defined in Paragraphs 3.3.1, 3.3.2,
3.3.3, and 3.3.4, respectively. The Shuttle Flight Vehicle shall consist of a
Shuttle Vehicle Booster, one External Tank, and one Orbiter Vehicle with three
Space Shuttle Main Engines.
3.1.1.2 Ground Operations Systems. The major elements of the Shuttle Ground
Operations System and the characteristics of these elements are defined in
Section 3.4.
3.1.2 Top Level Schematic Block Diagram. The top level schematic block

diagram shown in Figure 3.1.2 identifies the Shuttle System elements and other
systems with which the Shuttle System interfaces.

3.1.3 Shuttle System Weigiat and Performance Control. (TBD)
3.1.4 Integrated Vehicle Configuration. (TBD) *

3-1



iS

OF PGOR QUALITY

{(sjuswextnbay ¢ 1°¢ ydexdeaed 90uUa1939Y-91BIS 01 J0U )
‘JuswoBuedry TeISUSY) STOTYSA IYSTT °TIINWYS T[°1°T1°¢ 9Indtg 0

'—‘ oL vy - E.'l_ LTI 00 Y MO HAINAR 5310%) N MNY | O%J -

i
\ \‘QCNI N LY
; , TR e e IR U . _nlnl . _

EIE

V P

\\

e w;wuw,mh mww . wayﬁrh< IVMAOd
R x,, YALIDIO/ANVL

o "N\ YELINO
HOVLIV 1AV YALITIO/MNVL

v,

(IWSS) INTONA NIVW FLLLOHS HIVdS

HOVIIV ISMIHL 49¥71

AN PITICIRE ] V* - — an oo :.— _

/;“ w
(13) MNVI TYNYILXH

(991) ¥ALS009 IAAD0Y dAINOIT

3-2



PAYLOADS -
(CLASSIFIED)
PAYLOADS

-

(UNCLASSIFIED)
A

EARTH
ORBITING
VEHICLES

(CLASSIFIED)

SHUTTLE FLIGHT

EARTH
ORBITING
VEHICLES
(UNCLASSIFIED)

- ————— = = e —— - —— - — " —— - - - e

SYSTEM 1 OTHER INTERFACING SYSTEMS
[]
LIQUID |
ROCKET : AIR TRAFFIC A R-F CONTROL
BOOSTER CONTROL FORCES NAVIGATION CENTER
(LRB)
USAF SPACE TRACKING &DATA
! SATELLITE NE TWORK (INCLUDING
| CONTROL TRACKING & DATA
FACILITY RELAY SATELLITE)
EXTERNAL !
TANK I e T
€ : | GROUND OPERATIONS SYSTEM
I LRB
0! LANDING ALTERNATE REFURBISHMENT ORBITER
; TATION LANDING & PROCE SSING
H STATION SUBASSEMBLY FACILITY
| STATION '
' |
! | SHUTTLE EX‘{iﬁzAL LRB
| VEHICLE LAUNCH PAD
ORBITER b1 | AssEMBLY & ONCIt P PROCE SSING & PR(S)%ZSSEICI\JEG & |
VEHICLE ' CHECKOUT STORAGE STATION |
(V) o STATION STATION :
[ |
I |
" LRB HYPERGOLIC SSME '
SHUTTLE |y RETRIEVAL & ErURaE | [mainTENAnCE & | | mamTenance | |
CARRIER DISASSEMBLY CHECKOUT :
: STATION STATION i
AIRCRAFT_ || STATION STATION |
| |
]
SPACE SHUTTLE| | | FLIGHT LINE ORBITER LAUNCH i
' CREW REPLACEABLE AND PROCE SSING |
MAIN ENGINE ) SYSTEMS UNIT CARRIER svsnznfi |
(SSME) | STATION MAINTENANCE | |AIRCRAFT/MATE STATION 1
: STATION DEMATE STATION !
| [}
J A

SPACE SHUTTLE SYSTEM

Figure 3.1.2

System Schematic Block Diagram




3.2 PERFORMANCE AND DESIGN CHARACTERISTICS.

3,2.1 Mission Performance. The following subparagraphs specify the performance
requirements categorized by the top level functions. *

3.2.1.1 Mission Operations Functions. *
3.2.1.1.1 (Deleted).

3.2.1.1.2 Payload Range. The Space Shuttle Flight Vehicle shall be capable
of nominally operating within the payload range from zero to 65,000 1bs. for
launch and zero to 32,000 lbs. for entry and landing.

3.2.1.1.2.1 Weight and Volume Chargeable to Payload. All Orbiter scar weight
for removable, replaceable items shall be charged to the Orbiter.

3.2.1.1.2.1.1 RCS Propellant. The weight of the RCS consumables required to
achieve the pointing accuracy requirements defined in 3.3.1.1.1 shall be
chargeable to the payload. RCS consumables control weight shall be (TBD) *

3.2.1.1.2.1.2 Payload Spinup. Spinup capability, if required by the payload,
shall be provided by the payload.

3.2.1.1.2.1.3 EVA/IVA Operations. Equipment, expendables, and accessories to
support EVA/IVA operations in excess of those specified in 3.3.1.2.4.6 shall be
provided at the expense of payload weight and volume. The volume and restraints
for the extravehicular mobility unit to support two men EVA/IVA operations shall
be provided by the Orbiter. Manned maneuvering units and accessories provided
solely for support of payload operations shall be weight and volume chargeable
to the payload.

3.2.1.1.2.1.4 Payload Bay Service Panels. The weight difference between
standard service panels (with connectors for services as specified in
3.3.1.3.3.2 and 3.3.1.3.3.5.4) and peculiar service panels for payload bay GSE
servicing shall be charged against the payload weight.

3.2.1.1.2.1.5 Docking Module. The weight and volume of the docking module *
shall be charged against the payload as specified in 3.3.1.2.1.3. The docking
module control weight shall be as specified in NSTS 07700, Volume X, Appendix
10.12. The control envelope is specified in NSTS 07700, Volume XIV.

3.2.1.1.2.1.6 Payload Module Atmospheric Control Provisions. Expendables, *
hardware, and related storage facilities required to accomplish atmospheric
control and revitalization for a habitable payload module shall be charged to
payload weight and velume as specified in Paragraph 3.3.1.3.3.6.2. The control
weight of these provisions shall be in accordance with NSTS 07700, Volume X,
Appendix 10.12. The control envelope is specified in NSTS 07700, Volume XIV.

3.2.1.1.2.1.7 Thermal Control. The weight of thermal control provisions

required by a payload which are in excess of that provided by 3.3.1.3.3.6.1 and
3.3.1.3.3.12 shall be charged against the payload weight.
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3.,2.1.1.2.1.8 OMS Propellant. The weight of OMS consumables in excess of the
OMS delta V requirements specified in 3.2.1.1.3 shall be chargeable to payload.
The weight and volume of OMS equipment in excess of the storage capacity
specified in 3.3.1.2.2.2.2 shall be chargeable to the payload. The OMS delta V
kits inert control weight and the control weight of the OMS consumables are
(TBD) *

3.,2.1.1.2.1.9 Crew Expendables. For missions of more than 28 man-days, the *
weight of additional crew expendables as specified in 3.3.1.2.1.1, beyond those

required for 28 man-days, shall be charged to the payload. The crew expendables
control weight for an additional 14 man-days is specified in NSTS 07700, Volume,
X,Appendix 10.12. The volume and hardpoints for the expendables required beyond
42 man-days shall be provided by the payload and located external to the Orbiter
cabin.

3.2.1.1.2.1.10 Crew Hardware Provisions. All hardware provisions (over and *
above structural hardpoints) for accommodating six additional crewmen in the
cabin shall be provided in kit form and the weight charged to the payload (as
stated in 3.3.1.2.1.1). The crew hardware provisions control weight is
specified in NSTS 07700, Volume X, Appendix 10.12. The volume of hardware
provisions required beyond 42 man-days shall be chargeable to the payload and
may be located external to the Orbiter cabin.

3.2.1.1.2.1.11 Mission Peculiar Equipment. Special connectors, lines, *
cables, monitor and control equipment beyond standard interface provisions as
specified in 3.3.1.2.7.3, 3.3.1.2.7.4, 3.3.1.2.7.5, 3.3.1.2.7.6, and
3.3.1.3.3.17 shall be charged to the payload. The control weight for mission
peculiar equipment is specified in NSTS 07700, Volume X, Appendix 10.12.

3.2.1.1.2.1.12 Fuel Cell Water Storage. The weight and volume of stored fuel *
cell water in excess of the baseline storage capability as specified in
3.3.1.2.4.8 shall be charged to the payload. The equipment control weight for
water storage is specified in NSTS 07700, Volume X, Appendix 10.12. The control
envelope is specified in NSTS 07700, Volume XIV.

3.2.1.1.2.1.13 Electrical Energy Supply. Provisions for supplying the *
electrical energy to a paylocad in excess of the 50 kWh power provided by the
Orbiter as specified in Paragraph 3.3.1.3.3.3.3.4 shall be chargeable to the
payload. The control weight of these provisions is specified in NSTS 07700,
Volume X, Appendix 10.12.

3.2.1.1.2.1.14 Waste Storage. The weight and volume of condensate and urine
storage in excess of the baseline capability as specified in 3.3.1.2.4.5 shall
be charged to the payload.

3.2.1.1.2.1.15 Payload Bay Tilt Tables/Swingout Systems. The weight and volume
of tilt tables and swingout systems required for payloads as specified in *
3.3.1.2.1.4 shall be charged to the payload. The control weight of these
provisions shall be specified in NSTS 07700, Volume X, Appendix 10.12 and the
control volume shall be specified in NSTS 07700, Volume XIV.
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3.2.1.1.2.1.16 Second Manipulator Arm. The weight of the second manipulator
arm shall be charged to the payload as specified in Paragraph 3.3.1.2.1.4. The
control weight shall be 905 pounds for the arm and 397 pounds for installation
hardware.

3.2.1.1.2.1.17 Encryption/Decryption Equipment. The weight of removable *
encryption/decryption equipment shall be charged to the payload. The control
weight is specified in NSTS 07700, Volume X, Appendix 10.12.

3.2,1.1.2.1.18 Tunnel Adapter. The weight of the removable tunnel adapter
(Reference Paragraph 3.3.1.2.1.9) shall be charged to the payload. The control
weight shall be 900 lbs. Any weight for the tunnel adapter in excess of 900
lbs. shall be chargeable to the Orbiter.

3.2.1.1.3 Reference Missions. The missions capability envelope for the Space
Shuttle Vehicle is determined by the total requirements and mission functions
specified in this document. The reference missions defined herein are within
the total capability envelope and shall be used to guide the further definition
of functional requirements. The reference missions define typical operational
functions required of the Shuttle vehicle and illustrate current operational
techniques and philosophy. They serve as an operations baseline against which
the vehicle design can be measured. They provide mission data for use in
deriving vehicle design requirements and operating environments. Missions 1, 2,
and 3 are design reference missions. Mission 4 is a performance reference
mission based on the design reference missions.

The Space Shuttle Referenc: Missions are described below. For performance
comparison, Missions 1 and 2 will be launched from Kennedy Space Center (KSC),
and Missions 3 and 4 will be launched from the Western Test Range (WIR). The
boost phase, which ends Post OMS insertion burn in a standard trajectory and
MECO burnout for a direct insertion trajectory, shall provide insertion into an
orbit with a minimum apogee of 100 NM, as measured above the earth's mean *
equatorial radius as defined in NSTS 07700, Appendix 10.10, Section 9.0. The
Orbiter SSME cutoff shall be targeted for External Tank disposal. The OMS shall
provide the impulse to achieve the desired reference orbit. The mission
on-orbit translational delta V capability (in excess of that required to achieve
the insertion orbit and that required for on orbit and entry attitude control)
is stated for each mission. The Reaction Control Subsystem (RCS) translation
delta V required for each mission shall be used to accomplish all post OMS burn
rendezvous and docking maneuvers.

3.2.1.1.3.1 Mission 1. Mission 1 is a paylcad delivery mission to a 150 NM
circular orbit., The missiin will be launched due east and requires a payload
capability of 65,000 1b., The purpose of this mission is either the placement in
orbit of a 65,000 1b satellite or the placement in orbit of a 65,000 1b
satellite and retrieval from orbit of a 32,000 1b satellite. The Orbiter
vehicle on-orbit translational delta V requirements in excess of 50 x 100 NM
reference orbit are 650 ft/sec from the OMS and 100 ft/sec from the RCS.

3.2.1.1.3.2 Mission 2. Mission 2 is a 7 day ccmbination revisit to an orbiting
element and spacelab mission. The orbiting element is a 270 NM circular orbit
at 55° inclination. The Orbiter vehicle on-orbit translational delta V
requirements in excess of 50 x 100 NM reference orbit are 1,250 fps from the OMS
and 120 fps from the RCS. The payload capability will be based on existing
performance requirements as defined for Missions 1, 3a and 3b.
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3.2.1.1.3.3 Mission 3. Mission 3 shall consist of two missions, one for
payload delivery and one for payload retrieval. This is a three-day, two-man
mission. Mission 3 shall be used only for ascent and entry performance.

3.2.1.1.3.3.1 Mission 3(a). This mission is a payload delivery mission to an
orbit of 104° inclination and return to the launch site. The boost phase

shall provide insertion into an orbit with a minimum apogee of 100 NM, as
measured above the earth's equatorial radius. The Orbiter vehicle on-orbit
translation delta V requirements in excess of a 50 x 100 NM reference orbit are
250 fps from the OMS and 100 fps from the RCS. The ascent payload requirement
is 32,000 1b. For mission performance and consumables analysis, a return
payload of 2,500 1b will be assumed (the 2,500 1b is included in the 32,000 1b
ascent payload weight).

3.2.1.1.3.3.2 Mission 3(b). This mission is a payload retrieval mission from a
100 NM circular orbit at 104° inclination. The return payload weight is

25,000 1b. For mission performance and consumables analysis, an ascent payload
of 2,500 1b will be assumed (the 2,500 1lb is included in the 25,000 1b return
payload weight). The Orbiter vehicle on-orbit translation delta V requirement
in excess of 100 NM circular orbit is 425 ft/sec from the OMS. The translation
delta V requirement from the RCS is 190 ft/sec.

3.2.1.1.3.4 Mission 4. This is a Performance Reference Mission. This mission
is a payload delivery and retrieval mission launched from Vandenberg Air Force
Base launch site into a final inclination of 98° in a 150 NMI circular orbit

as measured above the earth's equatorial radius. The ascent cargo weighs

32,000 1b and has a 15 ft dia x 60 ft long envelone. The mission shall deploy a
spacecraft weighing 29,500 1b within two revolutions after lift-off. Upon
subsequent completion of necessary phasing and rendezvous maneuvers, a similar
passive-cooperative stabilized spacecraft weighing 22,500 1b shall be retrieved
from a 150 NMI orbit and r:turned to VAFB. The mission duration shall be 7 days
for mission performance anil consumables analysis. A spacecraft cradle weight of
2,500 1b must be added to the return spacecraft weight. The RCS will be loaded
full at lift-off, and the minimum translation delta V from the OMS, including
post meco-insertion burn, is a total of 1,050 fps. Standard provisions shall be
included for personnel and stowed equipment, and contingency EVA capability
shall be provided.

3.2.1.1.4 Ascent Performance. The flight vehicle ascent performance and *
payload capability shall be based on nominal ISPs for OMS, RCS, and the main
engine delivered specific impulse value as stated in the SSME/Orbiter Vehicle
ICD 13M15000, nominal value for a single engine. Performance of the LRBs shall
be as specified in Paragraph 3.3.2.1.2. For design missions, SSME power level at
1ift-off shall not exceed 100 percent. Power levels above 100 percent will be
attained following the high-q throttle-down period. The exception to this rule
would be in the case of loss of power of one or nore SSMEs or LRB engines, in
which case the remaining SSME(s) may be throttled to 109 percent. Flight
performance reserves shall be based on +3 sigma systems and environment
dispersions, except during the AOA/ATO abort portion of the missions. The
flight performance reserves during the AOA/ATO portion of the missions shall be
based on +2 sigma systems and environmental dispersions.

3,2.1.1.4.1 Yaw Steering. The flight vehicle shall have the capability of yaw
steering, first stage flight, to accommodate aerodynamic sideslip angle control



to a nominal value of zero in the transonic flight region for a smoothed design
wind condition. yaw steering during second stage flight shall be provided to
afford operational flexibility in accommodating communications constraints, ET
disposal constraints, and intact abort to a high crossrange target.

3.2.1.1.5 Propellant Dump. During ascent, after SSME shutdown and ET
separation, the Orbiter shall be capable of dumping propellants remaining
trapped in the MPS feedlines and main engine. Dumping through the main engine
will be initiated during OMS burn to insertion, or for direct insertion
trajectory, at the same time a normal insertion burn would have taken place.

3.2.1.1.6 Insertion Accuracy. The guidance and control subsystem in conjunction
with the autonomous onboard navigation subsystem shall produce an Orbiter state
vector at MECO with one sigma dispersons relative to the desired state vector

no greater than shown in Table 3.2.1.1.6, for the following conditions:

a. 3 IMU operation - No failures

b. Total time between IMU align complete discrete being set and
launch not to exceed 33 minutes

¢. No SSME failures within 30 seconds of MECO

d. MECO conditions defined as SSME chamber pressure less than 1% on
all engines

3.2.1.1.7 Day and Night Operations. The Shuttle System shall have the
capability to launch and land the flight vehicle in daylight or darkness. The
Orbiter shall be capable of terminal rendezvous and retrieval of a cooperative
target, under daylight and darkness conditions. The Shuttle System shall be
capable of support EVA operations under daylight and darkness conditions.

3.2.1.1.8 DOD Missions. The Shuttle Flight Vehicle shall be capable of
performing the DOD missions independent of ground support from ground stations
outside the contiguous U.S. for normal operations. It shall contain provisions
for the installation of GFE COMSEC equipment for encryption/decryption/
authentication for classified operations.

This does not preclude use of the AFSCF for secure voice transmission for
support in the event of an emergency, nor dues it preclude use of navigational/
communications satellites which simultaneously service multiple users
independent of Shuttle operations, nor does it restrict use of ground base
terminal landing aids, nor does it preclude the use of launch site tracking.

3.2.1.1.9 Shuttle Vehicle Separation - Nominal Modes. The separation *
subsystem(s) shall provide for Shuttle element separation without damage to or
recontact of the elements during or after separation. Damage to the LRB/ET
connectors on the aft upper struts at the LRB/ET interface during LRB separation
after the ATVC power is deadfaced is acceptable. Nominal modes shall include
conditions resulting from trajectories which include dispersions but which
preclude failures specified in 3.2.1.5. The nominal separation modes are:

a. Separation of the LRBs from the Orbiter/ET at staging
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b. Separation of the ET from the Orbiter after Main Engine
Cutoff (MECO).

3,2.1.1.9.1 LRB Separation. Separation of the LRBs from the Orbiter/ET shall *
occur only after LRB shutdown. The separation shall be automatically inhibited
if vehicle body rates and/or dynamic pressure exceed those values for which the
separation system has the capability to perform a separation without causing
damage to or recontact of Shuttle elements, with the exception of damage to the
aft LRB/ET electrical connectors after ATVC power is deadfaced. The crew shall
be provided the capability to manually override these body rate and dynamic
pressure inhibits.

3.2.1.1.9.1.1 LRB Separation. The LRB separation system shall include: *
a. Separation flight control functions
b, Release system
¢. Booster Separation Motor (BSM) system

The LRB separation system shall incorporate signal interlocks to prevent LRB *
release and BSM ignition due to stray signals. The separation system shall not
release any debris which could cause damage to any Orbiter/ET system or
subsystem during separation under conditions specified in Paragraph
3,2.1.1.9.1.3, Design LRB Staging Conditions. *

3.2.1.1.9.1.1.1 Separation Flight Control Functions. Separation flight control
functions consist of flight control system functions necessary to support the
separation sequence specified in Paragraph 3.2.1.1.9.1.2. These shall include:

a. Return of the nozzles of each LRB to a position 0.0 +1.0
degree from the LRB centerline in the vehicle pitch axis *
and 1.0 +0.6 degrees from the LRB centerline, toward the
External Tank, in the vehicle yaw axis. This position
shall be maintained for at least 5 seconds after separation
command issuance.

b. Transition of the flight control system configuration from
that for Orbiter/ET/LRB flight to that for Orbiter/ET
flight.

c. Separation-required control of vehicle attitude and/or
attitude rate.

3.2.1.1.9.1.1.2 Release System. The release system shall be compatible with *
the separation sequence specified in 3.2.1.1.9.1.2. Any component disconnect or
breakwire at release shall not induce an impulse torque in excess of 700
ft-1b-sec about the LRB CG at separation.

3,2.1.1.9.1.1.3 Booster Separation Motor System. Separation motors shall be *
installed in a forward LRB position (nose cone frustum) and in an aft position
(aft skirt). At both the forward and aft locations there shall be a cluster of
four BSMs. At both locations, the thrust vector of the BSM cluster shall be
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parallel to +4 degrees to a plane containing the LRB centerline which is rotated
20 degrees about the centerline from the LRB +2Z axis toward the ET

(Figure 3.2.1.1.9.1.1.3). The thrust vector of the forward cluster shall pass
within 2.6 inches of the LRB centerline. The thrust vector of the aft cluster *
shall be offset 1.95 +3.9 inches from the LRB centerline toward the ET in a
direction normal to the 20 degree plane. In addition, the thrust vector of each
cluster shall be pitched, in the 20 degree plane, 40 +4 degrees from the LRB Y-2
plane; the forward cluster shall be pitched forward and the aft cluster shall be
pitched aft.

The BSMs shall be designed to operate over a propellant bulk temperature range
of 30 degrees F to 120 degrees F. Each cluster of four motors shall provide the
following vacuum performance over the entire propellant operating temperature
range.

a. Average thrust over the web action time _ (TBD) 1lbs. *
b. Neutral or regressive chamber pressure trace

¢. Total impulse over the web action time _ (TBD) 1lb-sec. *
d. Total impulse over the action time _ (TBD) lb-sec. *

e. Thrust rise characteristics compatible with sequencing
requirements specified in 3.2.1.1.9.1.2

£. The time from BSM ignition start until the chamber pressure
during thrust tail-off is one-half the chamber Pressure at
End of Web Action Time (PEWAT/2) shall not exceed 1050
milliiseconds for each BSM.

g. Web action time _ 0.8 seconds for each BSM.
The BSMs shall not release any debris which could damage the Orbiter TPS during
separation under conditions specified in Paragraph 3.2.1.1.9.1.3, Design LRB
Staging Conditions. The BSM-induced Orbiter/ET thermal environment is shown in
NSTS 07700, Volume X, Appendix 10.11.

3.2.1.1.9.1.2 LRB Separation Sequence. Initiation and control of the LRB
separation sequence shall be the responsibility of the Orbiter. The primary *
cue for initiation of the separation sequence shall be (TBD). The backup cue
shall be mission elapsed time.

Each LRB shall furnish redundant (TBD) signals to the Orbiter during LRB thrust
shutdown.

The following commands shall be issued at a time from sequence initiation which

agssures that both LRB nozzles are positioned as specified in Paragraph
3.2.1.1.9.1.1.1 at the time of separation command:
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a. Null LRB Thrust Vector Control (TVC) actuators *

b. Initiate Orbiter/ET flight control center configuration
Separation-required control of vehicle attitude and/or attitude rate shall be
initiated at a time from sequence initiation which assures its effective
operation. It shall be terminated no sooner than 4.0 seconds after separation

command issuance.

The LRB separation command shall be issued at a time from sequence initiation
which assures that the thrust of LRB is less than or equal to (TBD) pounds. *

The LRB separation system shall provide for concurrent initiation of the release
and BSM ignition of both LRBs. Release of all structural attachments shall
occur within 30 milliseconds and the vacuum thrust of each cluster of four BSMs
shall reach TBD pounds within 30 to 135 milliseconds of the time at which the
separation command crosses the Orbiter/LRB interface.
LRB residuals venting after separation (TBD) *
3.2.1.1.9.1.3 Design LRB Staging Conditions. The LRB separation system shall
be designed to provide a safe separation for staging conditions which comprise
any combination of values, within the specified limits, of these parameters: *

a. Roll rate between -59/sec and +5°/sec

b. Pitch rate between -29/sec and +2°/sec

c. Yaw rate between -29/sec and +29/sec

d. Dynamic pressure less than or equal to 75 psf

The separation system shall be designed to provide a safe separation for pitch
and sideslip angles at staging which do not exceed +15 degrees.

3.2.1.1.9.2 Orbiter/ET Separation. Orbiter/ET separation shall include:

a. Fluid line and electrical umbilical disconnect

b. Retraction of Orbiter umbilicals

¢. Structural attachment release

d. Maneuvering of the Orbiter away from the ET
Performance and sequencing of these functions shall be initiated and controlled
by the Orbiter vehicle. The release hardware shall be the responsibility of the
Orbiter,
3.2.1.1.9.2.1 Orbiter/ET Separation Performance. The Orbiter/ET separation
subsystem shall provide safe separation for the conditions specified in
Paragraph 3.2.1.1.9.2.3. The separation structural release shall be

automatically inhibited if a propellant feed umbilical disconnect valve fails to
close or if the body rates exceed those values for which the separation system
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has the capability to perform a separation without causing damage to or
recontact of Shuttle elements. The ability to manually inhibit and subsequently
enable release and bypass an automatic structural release inhibit shall be
provided. The operation of the separation subsystem shall not result in the
release of any debris.

The RCS shall provide a delta V _ 4 fps along the -Z axis to the Orbiter for
separation. This shall be accomplished using the forward and aft RCS to provide
the maximum -Z axis acceleration consistent with insertion attitude control
requirements.

3.2.1.1.9.2.1.1 Separation Flight Control Requirements. Separation flight
control functions consist of the FCS functions necessary to support the
sequences specified in 3.2.1.1.9.2.2. These shall include:

a. Rate control of the mated Orbiter/ET from separation
sequence initiation to structural release within the limits
specified in 3.2.1.1.9.2.3.

b. Attitude control during the translation maneuver specified
in 3.2.1.1.9.2.1.

3.2.1.1.9.2.2 Orbiter/ET Separation Sequence. The Orbiter/ET separation
sequence is initiated when MECO initiation, automatic or manual, is verified.
Following this time, time sequenced commands are issued to arm all separation
subsystem PICs for closure of LH,/LO, disconnect valves, Orbiter/ET
electrical deadfacing, umbilical release and retract, and firing of the
structural release pyrotechnics. The ET tumble valve system is also armed after
MECO. Firing of the RCS-Z jets is initiated 160 ms prior to structural
release. Automatic attitude control will be inhibited until sufficient VZ is
available to ensure separation margins. (Note: manual override and manual
attitude control are available at any time after structural release except
during the automatic attitude control inhibit phase.) The RCS shall then
continue with a high mode - Z axis - attitude hold translation maneuver as
specified in 3.2.1.1.9.2.1. The separation sequence is terminated after all
separation controlled functions have been completed.

Release of all structural attach points shall occur within 0.020 seconds. The
automatic separation sequence shall incorporate automatic inhibit of structural
release as specified in 3.2.1.1.9.2.1. Automatic structural release inhibits
due to excessive body rates are maintained until the body rates fall within
acceptable limits or until manual override of the inhibits is initiated.
Automatic inhibits of structural release due to disconnect valve failure must be
manually overridden after a procedural delay to allow ET pressure relief.

Manual inhibit of separation shall inhibit all separation functions unless these.
functions have been commanded prior to initiation of the manual inhibit.

3.2.1.1.9.2.3 Orbiter/ET Design Staging Conditions. The Orbiter/ET separaion
system shall be designed to provide a safe separation for staging conditions
which comprise any combination of values within the specified limits of the
following variables:

a. Pitch rate between -.79/sec and +0.7%/sec
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b. Roll rate between -0.7%/sec and +0.7%/sec
c. Yaw rate between -0.79/sec and +0.7%/sec

3.2.1.1.10 Shuttle Vehicle Separation-Abort Modes. The separation subsystem(s)
shall provide for safe separation under intact abort conditions specified *
in3.2.1.5.1 The related separation modes shall be: (a) LRB separation from the
Orbiter/ET at shutdown under conditions resulting from any of the failures
specified in 3.2.1.5.1.3; (b) Orbiter/ET separation under conditions
corresponding to SSME cutoff for an Abort-Once-Around (AOA); (c) Orbiter/ET
separation at SSME cutoff for conditions corresponding to a Return to Launch
Site (RTLS) abort; and (d) Orbiter/ET separation at SSME cutoff for conditions
corresponding to TAL abort.

3.2,1.1.10.1 Abort LRB Separation. Separation of the LRBs from the Orbiter/ET
in the event of an abort shall occur only after LRB shutdown. The separation *
shall be automatically inhibited if vehicle body rates and dynamic pressure
exceed those values for which the separation system has the capability to
perform a safe separation (contact between LRBs after separation and degradation
of Orbiter TPS lifetime by BSM exhaust impingement are acceptable). The crew
shall be provided the capability to manually override these body rates and
dynamic pressure inhibits. If less than three SSMEs are operating at LRB
separation, the separation command shall be issued at a time from separation
sequence initiation which assures that the thrust of each LRB is less than or
equal to (TBD) pounds. *
With the exceptions noted above, in an abort the LRB separation system shall
meet all requirements specified in Paragraphs 3.2.1.1.9.1.1 through
3.2.1.1.9.1.2.

3.2.1.1.10.2 Abort Separation of Orbiter/ET. Abort separation of the Orbiter
shall include:

a. Fluid line and electrical umbilical disconnect

b. Retraction of Orbiter umbilicals

¢. Structural attachment release

d. Maneuvering of the Orbiter away from the . ET
Performance and sequencing of these functions shall be initiated and controlled
by the Orbiter vehicle. The release hardware shall be the responsiblity of the
Orbiter.
3,2.1.1.10.2.1 Orbiter/ET TAL/ATO/AOA Separation. The Orbiter/ET separation
for Trans-oceanic Abort Landing (TAL) Abort-to-0Orbit (ATO) and Abort-Once-
Around (AOA) shall be as specified in 3,2.1.1.9.2 through 3.2.1.1.9.2.3 except
the -Z shall be 11.0 fps for TAL.
3.2.1.1.10.2.2 Orbiter/ET Abort Separation Performance (RTLS). The Orbiter/ET
separation subsystem shall provide safe separation for the conditions specified

in 3.2.1.1.10.2.4. The separation structural release shall be automatically
inhibited if the angle of attack, sideslip angle or body rates exceed those
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values for which the separation system has the capability to perform a
separation without causing damage to or recontact of Shuttle elements.

The ability to manually inhibit and subsequently enable release and to bypass an
automatic structural release inhibit shall be provided. In addition, the
separation sequence shall provide a time override of automatic inhibits. The
operation of the separation subsystem shall not result in the release of any
debris.

The Orbiter/ET separation shall be performed with ET usable propellants ranging
from zero to a maximum of 2 percent of propellant loaded at lift-off. The
separation shall be accomplished using the forward and aft RCS to provide the
maximum -Z axis acceleration consistent with attitude control requirements
during a timed separation maneuver. The duration of the translation maneuver
shall be such that safe separation can be accomplished for the conditions
specified in 3.2.1.1.10.2.4.

3.2.1.1.10.2.2.1 Separation Flight Control (RTLS). Separation flight control
functions shall consist of the flight control system functions necessary to
support the sequence specified in 3.2.1.1.10.2.3. These shall include:

a. Attitude and rate control of the mated Orbiter/ET from
separation sequence ijnitiation to structural release within
the limits specified in 3.2.1.1.10.2.4.

b. Attitude and rate control of the Orbiter during the -2
translation maneuver as specified in 3.2.1.1.10.2.4.

3.,2.1.1.10.2.3 Orbiter/ET Separation Sequence (RTLS). The Orbiter/ET
separation sequence is initiated when MECO initiation, automatic or manual, is
verified. Following this time, time sequenced commands are issued to arm all
separation subsystem PICs, for closure of the LH,/L0O, disconnect valves,
Orbiter/ET electrical deadfacing umbilical release and retract, and firing of
the structural release pyrotechnics. The ET tumble valve system is also armed
after MECO. The RCS shall then provide a high mode -Z axis translation
maneuver. The separation sequence is terminated after all separation controlled
functions have been completed.

Release of all structural attach points shall occur within 0.02 seconds. The
translation maneuver shall be initiated no later than 0.05 seconds following
issuance of the structural release command. The automatic separation sequence
shall incorporate automatic inhibit of structural release as specified in
3.2.1.1.10.2.2. The separation sequence shall incorporate a timed override of
automatic inhibits.

3.2.1.1.10.2.4 Orbiter/ET Design Staging Conditions (RTLS). The Orbiter/ET
separation subsystem shall be designed to provide safe separation for the range
of conditions shown in Figure 3.2.1.1.10.2.4.

3.2.1.1.10.2.5 Orbiter/ET Contingency Abort Separation. A manually initiated
fast ET separation sequence shall also be provided in accordance with Paragraph
3.2.1.5.2.3, which will initiate separation in minimum time during first stage
flight,
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3.2.1.1.11 Flight Personnel Flight Loads. As experienced by the flight
personnel, flight vehicle launch trajectory resultant load factors shall not
exceed 3 g's and Orbiter vehicle entry trajectory resultant load factors shall
not exceed 3 g's. These load factors are static and do not include dynamic
effects. These load factor limits do not apply to abort modes. The product of
g forces and time shall not be detrimental to the flight personnel.

3,2.1.1.12 Orbiter Vehicle Attitude Constraints. While the payload bay doors
are open, the Orbiter shall have the capability to provide heat removal from the
payload up to 29,000 Btu/hr. During on-orbit operations, the Orbiter fixed
attitude hold time capability depends on a combination of the following: sun
angle relative to the orbit plane (beta angle), Orbiter altitude, Orbiter
attitude and previous attitude history, Orbiter and payload heat rejection
requirements, water management for heat rejection, and thermal conditioning
requirements. Depending on the combination of these factors, the Orbiter
allowable hold time capability varies from 5 to 160 hours.

Orbiter pre-entry thermal conditioning attitude may require up to 12 hours of
duration depending on the thermal state of the Orbiter prior to the pre-entry
attitude initiation. Also the Orbiter ATCS radiators will normally be cold
soaked for a minimum of 1 hour in tail to the sun attitude or equivalent prior
to closing the payload bay doors for entry.

Specific Orbiter vehicle attitude constraints are defined in NSTS 07700, Volume
XIV, Attachment 1, ICD 2-19001, paragraph 6.

3.2.1.1.13 On-orbit Rescue Operations. The design shall provide the capability
to perform on-orbit rescue operations. If the spacecraft requiring aid has a
docking system on that mission, the primary rescue mode will be by docking, with
crew transfer through a pressurized tunnel. Otherwise, emergency rescue will be
with pressure suits and personal rescue systems outside the spacecraft.

3,2.1.1.14 Orbiter Direct Entry. The Orbiter vehicle shall have the capability
for deorbit and direct entry from a (TBD) orbit with 32,000 lbs. return *
payload. The crossrange associated with this direct entry condition is (TBD)
nautical miles.

3.2.1.1.15 Post-Landing Thermal Conditioning. The Orbiter thermal control
design shall be based on GSE ground thermal conditioning available within 45
minutes after touchdown for vehicle structural cavities and 45 minutes for the
Active Thermal Control Subsystem (ATCS). In an emergency condition, the absence
of post-entry/landing GSE cooling will not preclude reuse of the Orbiter
vehicle. Any hazardous condition (i.e., possible venting OMS/RCS propellants,
cabin overtemperatures, etc.) which results from the absence of ground cooling
shall be identified.

3.2.1.1.16 Flight Vehicle Launch CG. (TBD) *
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SSV CG LOCATION (SHUTTLE COORDS, IN.)

FLIGHT MODE Xs Ys Zs
Lift-off + 02 + 2 + 02
Pre-LRB Sep + 20 + 2 + 12
MECO + 25 + 2 + 15

3,2.1.1.16.1 Lift-0ff Clearances. Position clearance shall exist between the
Space Shuttle launch vehicles and all ground launch facility hard points from *
LRB ignition through tower clearance for both nominal and intact abort modes.
Vehicle clearance and drift during 1ift-off shall be within the envelopes
specified in ICD2-0A002.

3.2.1.1.17 ET Disposal. The SSME cutoff targeting shall be selected such that
the nominal ET impact will be in a preselected impact area for both ETR and WTR
launch, including the reference missions defined in Paragraph 3.2.1.1.3. The ET
impact area is driven by the mission's apogee altitude, type of orbit insertion
(standard or direct), and footprint size which are all a function of the MECO
target. The footprint size is also dependent on the type tank rupture and
breakup (violent or benign) upon reentry into the atmosphere. The ET impact
footprint shall fall in either the Indian or Pacific Oceans for all ETR
launches. For all WTR launches, the ET impact footprint shall fall in either
the Pacific, Antarctic, or Indian Oceans. The preselected impact locations,
defined by the External Tank footprint, shall adhere to the following
constraints:

a. For nominal missions, the ET impact footprint shall be no
closer than 200 n. mi. from foreign land masses; 25 nm from
U.S. territories and CONUS (only when mission objectives
and performance dictate), and 25 n. mi., from the permanent
ice pack of Antarctica.

b. For planned guided MECO abort missions, the ET impact
footprint shall not impact land masses. For MECO
underspeeds, land impacts shall be minimized.

The approved orbit inclination for missions launched from ETR are between 57
deg. N and 28.5 deg. N. The approved orbit inclination for missions launched
from WTR are between 68 deg. S and 99 deg. S. For all missions outside the
approved inclinations, special Range Safety approval will be required.

3.2.1.1.18 EVA Operations. The Shuttle System shall provide the capability for
extravehicular operations by two crewmen for periods of up to six hours outside
the vehicle.

The capability shall also be provided during the orbital flight test phase for
extravehicular Manned Maneuvering Unit (MMU) operation in the immediate vicinity
of the vehicle for the purpose of flyaround inspection and possible inflight
repair activities. The manned maneuvering capability shall be available for
operational missions when required to support payload operations. The MMU will
be stowed in the payload bay for all flights which require it. MMU weight shall
be charged to payloads if flown for payload support.
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3.2.1.1.19 (Deleted).

3.2.1.1.19.1 The Orbiter will be provided with high and low frequency (37 and
10 kHz) self-contained, water-actuated acoustic beacons on the payload bay DFI
pallet in a manner to ensure activation in the event of Orbiter immersion.

3.2.1.1.19.2 The LRBs wild be provided with high and low frequency (37 and 10 *
kHz) self-contained, water—actuated acoustic beacons on the forward skirt upper
ring in a manner to ensure activation in the event of LRB immersion.

3.2.1.2 Assembly and Launch Functions (FFD 2.0). *

3.2.1.2.1 Notification for Launch. To fulfill the space rescue role, the
Shuttle System shall be capable of launching within 26.5 hours after *
notification with the flight vehicle mated and ready for transfer to the pad.
This time includes retargeting to a dissimilar mission, loading a validated
flight program, and filling the OMS and RCS propellant tanks.

3.2.1.2.2 Launch from Standby. The Shuttle System shall have the capability
to launch the flight vehicle from a standby status within 4 hours. Vehicle *
access shall be permitted for not less than 45 minutes of consecutive time
within the 4 hours to accommodate flight crew ingress and final prelaunch
closeout. The Shuttle System shall have the capability to hold in a standby
status up to 24 hours.

3.2.1.2.3 Cryo Loading. The Shuttle System shall be capable of loading ascent
cryogenic propellants within the constraints specified in Paragraph 3.2.1.2.2.
The design shall not preclude main propellant drain and subsequent reload with
no manual operations on the launch pad.

3.2.1.2.3.1 Cryo Loading Monitor and Control. The Shuttle Ground System shall
be capable of monitoring and remotely controlling flight vehicle functions and
parameters critical to propellant loading or draining.

3.2.1.2.3.2 Hold After Cryo Loading. With due consideration to internal
subsystems management, the Shuttle System shall be capable, without recycle, *
of holding after LRB and MPS propellant loading for at least seven hours prior
to the initiation of LO; drainback. Subsequent to the initiation of LOj
drainback, a two minute hold capability, with reduction of vehicle performance
capability, shall exist until T-31 seconds.

3.2.1.2.4 Payload Changeout. The Shuttle System shall be capable of
performing on-pad payload changeout as specified in 3.2.1.2.1 and 3.3.1.1.6.
The specified environmental contamination control requirements in 3.6.12.2 and
DOD control requirements shall be maintained during the exchange of a payload
assembly at the launch pad.

3.2.1.2.5 On-Time Launch. From initiation of launch activities (beginning of
standby through lift-off or from the beginning of the countdown through
lift-off) the Shuttle System shall be capable of achieving a lift-off with + two
seconds of the target lift-off time GMI. The two second tolarance shall apply
to flight vehicle subsystems only. The ground systems functional reliability
shall be in accordance with 3.5.1.2.
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3.2.1.2.6 Vehicle Launch Orientation. The Shuttle Flight Vehicle shall be in
a tail south orientation for launch at KSC; for launches from WTR, the vehicle
shall be oriented tail west.

3.2.1.2.7 Propellant Fill (TBD) *

3.2.1.2.7.1 RCS Propellant Fill. The RCS tanks will be loaded full. The
ground systems will provide the capability to vacuum (less than 1 psia) fill the
RCS manifold.

In addition, the RCS tankage shall also have the capability to be offloaded,
using the PVT method, to a minimum 65% (1b wt) of maximum rated loading for *
specific selected missions as deemed necessary.

3.2.1.2.7.2 EPS Cryogenic Reactant Fill. The Shuttle System shall be capable of
offloading electrical power subsystem cryogenic reactants for specific *
selected missions, as deemed necessary.

3.2.1.2.8 Prelaunch Purge. All Shuttle elements shall utilize GSE and
facilities to meet all purge requirements during the prelaunch phase.

3.2.1.2.9 On-Pad Abort. The vehicle shall be capable of recycling to the main
engine start sequence within 24 hours subsequent to a SSME or dual LRB engine *
shutdown prior to liftoff. Subsequent to an on-pad abort, the Shuttle System
shall have the capability to accomplish the rescheduled design mission without
rollback to the VAB for vehicle TPS refurbishment and/or recertification.

3.2.1.2.9.1 Emergency Power to accomplish Abort. The Shuttle system shall *
have the ability to accommodate the full loss of thrust of one LRB engine on
each LRB and successfully complete an intact abort. LRB engines may be

throttled up to emergency power (100%) to accomplish this.

3.2.1.2.10 Retargeting. The Shuttle shall be capable of retargeting to a
dissimilar mission within 16 hours. The design of ground and flight systems *
shall not preclude the capability to retarget within 2 hours.

3.2.1.2.11 Pad Stay Time. The Space Shuttle System shall accommodate the mated
vehicle on the launch pad for durations up to 180 days. Exposure to natural and
induced environments for the pad stay time duration shall not invalidate the
design performance or operational capability of the flight vehicle.

3.2.1.2.12 Emergency Egress. Emergency egress shall provided for crew and
passenger evacuation to a safe area in a maximum time of 2 minutes (from *
crew/passenger ingress up to LRB ignition).

3.2.1.2.13 Cabin Pressure Integrity Verification. The Space Shuttle System
shall be capable of pressurizing the crew module up to 2 psid through the cabin
hatch and venting the crew module through onboard valves while on the launch pad
and after crew ingress and cabin hatch closeout,
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3.2.1.2.14 Debris Prevention and Ice Suppression. The Shuttle System,
including the ground systems, shall be designed to preclude the shedding of ice
and/or other debris from the elements during prelaunch and flight operations
that would jeopardize the flight crew and/or mission success.

a. Ice is defined as frozen water of 18 1bs/ft3 or greater density
formed on the outside exposed surface(s) of any element. Frozen
water of 18 1bs/ft3 is considered to be frost and is of no
concern,

b. Debris is defined as "broken, scattered remains emanating from
the exterior surface(s) of any element".

c. NSTS 16007, Shuttle Launch Commit Criteria and Background *
Document, contains the specific External Tank locations where
the design does not preclude the formation of ice/frost.

3.2.1.2.14.1 The Shuttle System shall be designed so that "Launch Holds" due
to ice formation shall not occur more than 5% of the time based on atmospheric
conditions at the launch pad in the proximity of applicable launch vehicle
surfaces.

3.2.1.2.14.2 The Shuttle System shall provide the capability to monitor *
the local atmospheric conditions and provide an ice suppression system if the
probability of launch holds due to ice formation exceeds 5% as defined in
Paragraph 3.2.1.2.14.1 above.

a. The ice suppression system shall be designed to maintain *
the extcrnal tank surface temperature at 33 degrees F or
above, ET surface temperature not to exceed 130 degrees F, LRB
surface temperature (including AFT skirt area) limits - TBD,
Orbiter surface temperature not to exceed 100 degrees F
(exposure duration not to exceed 7 hours) and SSME engine
nozzle temperature not to exceed 100 degrees F.

b. The launch commit criteria shall be based on no ice on *
these areas of the external tank or LRB tanks.

3.2.1.2.15 (Deleted).
3.2.1.2.16 (Deleted).

3.2.1.2.17 Secure Communications. The Space Shuttle System shall be capable of
providing communicatons security between the Orbiter and the Launch Control
Center and between the Orbiter and the Mission Control Center. For GSTDN
communications, this will involve both GPC and flight crew control of the
command inhibit function. For TDRSS and SGLS communications, it shall include
voice and command data encryption and command authentication on the forward
link, and operational telemetry data and voice encryption on the return link.
The same techniques are to be used during prelaunch checkout as during flight.
In addition, for DOD missions the launch databus must be protected to handle
classified data.
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3.2.1.2.18 24-Hour Scrub/Turnaround. The Space Shuttle System shall be capable
of launching from KSC within 24 hours after scrubbing a launch attempt. Scrub
may occur any time prior to Hp igniter ignition.

3.2.1.3 Turnaround Maintenance Operations Functions. *
3.2.1.3.1 Space Shuttle System. The Space Shuttle System, including the
Orbiter vehicle, liquid rocket boosters, external tank, vehicle assembly *
facilities, and launch complex, shall be capable of supporting the planned
launch schedule within the time constraints specified in 3.5.2.1, utilizing
programmed turnaround resources.

3.2.1.4 Mission Operations Support Functions. *

3.2.1.4.1 Natural Environment Data Requirements

3.2.1.4.1.1 Meteorological Data. The following meteorological data will be
required to support Shuttle operations:

a. Surface and upper air wind profiles

b. Ceiling and cloud cover

c. Visibility

d. Vertical temperature profiles

e. Humidity

f. Pressure

g. Density

h. Precipitation

i. Lightning potential

j. Turbulence

k. Storr location, intensity, movement

1. Sea state

m. Particles (hail, blowing dust/sand)
3.2.1.4.1.1.1 Conventional Civil and Military Meteorological Data. These data
will be derived from normally scheduled conventional observations, analyses, and

predictions such as:

a. Surface (aviation and synoptic) from U.S., foreign
countries, and ships

b. Upper air (Rawinsonde, Radiosonde, and Rocketsonde Pibals)
from US., foreign countries, and ships.

3-20



c. Weather radar

d. Aircraft pilot reports

e. Meteorological satellites
3.2.1.4.1.2 Space Environment Data. The following space environment data will
be required to support Shuttle operations. These data will be derived from
established solar observatories, operating satellites, and various other
environmental and solar observing facilities.

3.2.1.4.1.2.1 Conventional Space Environment Data.

a. Solar Observation

Solar flare reports (e.g., size, location, time, region
behavior, etc.)

Solar flare data (RF and X-ray background peak fluxes,
times, etc.)

b. Geophysical and Interplanetary

Energetic particle reports
Artificial vent reports

3.2.1.4.2 DOD Security. The Shuttle System shall have the capability to
process and secure classified STS mission data during any phase of operation,
including mission planning, launch, flight, landing, post-landing, and
turnaround. This includes STS mission data loaded into or residing in the
Orbiter, simulators, and related ground equipment and facilities. The Orbiter
onboard computers shall be capable of being declassified by using approved
memory overwrite or erase procedures. Communications security measures shall
conform to NASA/USAF Interagency Agreement for STS COMSEC, September 18, 1979.

3.2.1.4.3 Landing Site Support. For the early flights, the Orbiter vehicle
shall have the capability and ground support for safe landings from orbit in
daylight or darkness at the launch site (Kennedy Space Center, Florida) and the
secondary landing site (Edwards AFB, California). When operational, the Orbiter
vehicle shall have the capability and ground support for safe landings from
orbit in daylight and darkness at one of the two launch sites (Kennedy Space
Center, Florida, and Vandenberg AFB, California), or the secondary landing site
(Edwards AFB, California). 1In addition, a number of non-Shuttle implemented
contingency landing sites will be available throughout the Shuttle Program as
needed to support quick returns from orbit. Payloads will be removed from the
Orbiter prior to ferry operations. Payload handling, maintenance, and
transportation after payload removal will be the responsibility of the payload
agent. On a selected basis, subject to Level II approval, payloads may be
ferried to the launch site in the Orbiter payload bay.

3.2.1.5 Mission Abort Operations Functions. *
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3.2.1.5.1 Safe Mission Termination. The Shuttle System shall provide, by
intact abort, the safe return of personnel, payload, and Orbiter. Intact abort
consists of safe separation of the Orbiter from other vehicle elements and the
safe landing of personnel, payload, and Orbiter on a runway.

3.2.1.5.1.1 Intact Abort. In addition to the requirements established in other
sections of this document, the following requirements shall apply for intact
abort.

a. The Shuttle System shall provide the capability for intact abort
through all mission phases with a payload range from 0 to
65,000 lbs. for the failures listed in 3.2.1.5.1.3.

b. The Shuttle System shall provide the same fault tolerance during
an intact abort as for normal flight operations except for the
system (SSME, LRB or OMS) that caused the intact abort.

¢. Higher TPS bondline temperatures following landing which may
decrease the useful 1ife of the vehicle shall be acceptable.

d. Orbiter down weights acceptable for mission planning shall be
211,000 pounds for EOM and 240,000 pounds for mission aborts
(RTLS, TAL, AOA). Special assessments are required if these
are exceeded and will be handled with waivers on a mission by
mission basis. The maximum payload weight shall be based on
the landing weights and the vehicle weight elements associated
with the inert Orbiter, the Space Shuttle main engines,
personnel, and onboard fluids, which constitute the total useful
load.

e. Secondary and Contingency Landing Sites may be considered for
Orbiter and personnel recovery. Secondary and primary
contingency landing sites will include, as a minimum, ground
support equipment to ensure crew, vehicle, and payload safety.

f. The payload shall not jeopardize the capability of the Orbiter
to perform intact abort.

g. During an abort, provisions must be made to get the combined
vehicle (Orbiter plus payload) center-of-gravity within the
entry and landing limits stated in Paragraph 3.3.1.2.1.2.2
prior to the start of atmospheric flight. This requirement
applies to aborts during ascent and from on-orbit.

h. The Orbiter vehicle shall have the capability of mission
termination after orbit insertion and return to the launch or
secondary/contingency landing site.

i{. The Backup Flight System (BFS) shall support all intact abort
modes (RTLS, TAL, AOA and ATO) whether the abort mode is
selected prior to or subsequent to BFS engagement.

j. The Shuttle shall have the capability to withstand plume heating
effects incurred while flying backwards during RTLS abort at
free-stream pitot pressures that do not exceed 4 psf. RTLS
trajectories shall be designed to keep pitot pressures within
this limit.
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3.,2.1.5.1.2 Intact Abort Modes. The following intact abort modes shall be
utilized in the event one of the failures listed in 3.2.1.5.1.3 occurs and may
be used for other reasons than the intact abort failures listed in 3.2.1.5.1.3.

a. The Shuttle Flight Vehicle shall have the capability to
continue ascent from LRB jgnition through LRB separation. *

b. The Shuttle Flight Vehicle shall have continuous intact abort
capability during ascent provided by Return to Launch Site
(RTLS), Trans-oceanic Abort Landing (TAL), or an Abort-
Once-Around (AOA) capabilities.

c. The TAL abort mode shall provide intact abort coverage between
RTLS and AOA.

1. An alternate TAL site shall be available for reselection
any time prior to Abort Switch TAL selection and PBI commit
to preclude a launch scrub in the event of unfavorable
weather at the primary TAL site.

2. An alternate TAL site shall be available for reselection in
the event of a subsequent SSME or LRB engine failure *
while a TAL is in progress.

3. An alternate RTLS site shall be available for reselection
in the event the primary RTLS site is experiencing
unacceptable landing weather conditions.

d. The Shuttle vehicle shall have the capability of continuing
the appropriately initiated 3 SSME abort mode for a flight
subsystem in a fail-safe configuration (not including TPS,
primary structure, pressure vessels, OMS, or RCS) *
should a single SSME or LRB engine subsequently have a
partial or complete loss of thrust.

3,2.1.5.1.3 Intact Abort Failures. Intact abort shall be provided for the
following subsystems or systems failures. These failures shall be considered
singly without combinations.

a. Complete or partial loss of thrust from one Orbiter main
engine

b. Complete or partial loss of thrust from one LRB engine *
on each LRB.

3.2.1.5.2 Contingency Aborts. Aborts caused by failures not included in the
intact abort category shall be classified as a contingency abort. Intact abort
capability is not required throughout the mission phases for this class of abort.

3.2.1.5.2.1 Contingency Abort Criteria. The following criteria shall apply for
contingency abort:

a. Contingency aborts will not be used to determine hardware
design criteria
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b.

C.

The Orbiter's and SSME's usable lifetime may be degraded

Software and hardware impact may be allowed where feasible
and cost effective, with specific approval

3.2.1.5.2.2 Contingency Abort Failures. The following conditions constitute
contengency abort failures:

Loss of thrust from 2 or 3 SSMEs

SSME TVC failure(s)

LRB TVC failure(s) *
Premature Orbiter separation

Failure to separate LRB from Orbiter/ET

Loss of thrust from multiple LRB engines *

3.2.1.5.2.3 Contingency Abort Requirements. For possible use in contingency
situations where mission completion or intact abort modes are not applicable,
the Orbiter shall provide the capability to:

a.

b.

Manually initiate main engine or LRB engine cutoff at any time.

Manually initiate the ET mechanical separation sequence at any
time.

Provide an abort downmoding capability (from ATO to AOA) to be
effective post-MECO for sequential multiple-SSMEs-out.

Provide a manual single engine control capability (utilizing
RCS augmentation and OMS propellant) for 2 SSMEs-out.

Provide a second trajectory shaping capability for 3-SSME-out
entry (i.e., retain abort MECO data slots).

Provide a direct transfer capability to "alpha recovery and
load relief" immediately following an exoatmospheric type *
Orbiter/ET separation for a multiple-SSMEs or LRB engines out
downrange ditching (i.e., direct transfer from MM104 to MM602).

Provide a manually initiated and terminated OMS/RCS propellant
maximum rate depletion capability during powered flight and
immediately following Orbiter/ET separation (allowing for
control and utilizing existing propulsion systems) for
multiple-SSMEs-out CG control.

Provide a MPS propellant exoatmospheric dump capability in RTLS
and immediately following Orbiter/ET separation (utilizing the
existing "on-orbit MPS LOX dump") for sequential
multiple-SSMEs-out CG control,
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j. Execute the Orbiter/ET contingency abort separation sequence in
accordance with Paragraph 3.2.1.1.10.2.5 in both the primary
and backup flight systems.

j. Provide an integrated/manual LRB engine/SSME control capability
(utilizing LRB & SSME throttling) for 2 or more LRB engines *
out.

3.2.1.5.2.4 Contingency Abort Modes. Within the criteria established in
Paragraph 3.2.1.5.2.1, the following abort modes shall be utilized:

a. During First Stage Flight: Fast ET separation followed by
ditching or continuation of ascent through LRB staging. *

b. During Second Stage Flight: Termination of main propulsion, ET
separation, descent, and downrange ditching or landing.

3.2.1.5.3 Loss of Critical Function. A failure in a system or subsystem
causing the loss of a weritical function" shall be eliminated from intact abort
design and contingency abort categories by including appropriate safety margins
or redundancy levels in the design.
3.2.1.5.3.1 Loss of Critical Function Failures.

a. ET rupture/explosion

b. LRB rupture/explosion

c. Major structural failure

d. Complete loss of guidance and/or control *

e. Loss of thrust from 1 LRB (all engines)

£. SSME or LRB TVC hardover

g. Failure to separation Orbiter from ET

h. Nozzle failure (SSME or LRB)

i. Premature LRB separation

j. Unacceptable loss of thrust from 3 or more LRB engines
3.2.1.5.4 Range Safety Flight Termination System. The Shuttle vehicle shall
have a range safety flight termination system for all orbital flight tests and
operational missions as required.
3.2.1.6 Ferry Mission Functions *
3.2.1.6.1 Ferry. The Orbiter vehicle shall be capable of being ferried
within the contiguous United States. On a selected basis, subject to Level II
approval, payloads may be ferried to the launch site in the Orbiter payload bay.
3.2.1.6.2 Total weight and CG of the Orbiter (with payloads) in the ferry
configuration shall be within the limits specified in Figure 3.2.1.6.2 (to be

supplied).
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3.2.1.6.3 Ferry flight shall be conducted in accordance with the following
constraints:

a. Clear of visible moisture.

b. Light turbulence or less (as defined in the U.S. Flight
Information Supplement).

c. Inflight temperature minimum +15 degrees F.

d. Electrical power to RCS heaters when ambient temperature is
below 60 degrees F.

e. Ambient pressure minimum of 8 psia.

f. Drying of upfiring RCS thrusters (prior to next ferry flight)
if rain accumulation exceeds 0.75 inches during ground period.

g. Structural restrictions as specified in NSTS 07700, *
Volume X, Section 4, Structural Restrictions for Orbiter
Operational Flights; STS 8-0574.

h. Capability for temperature conditioned cargo bay purge shall be
provided at intermediate landing sites when specified in the
Payload Integration Plan.

i. Capability shall be provided to operate coolant pumps inflight
and at intermediate landing sites for payload water coolant
loops mounted in the Orbiter cabin.

3.2.1.7 Transport System Element Functions. *

3.2.1.7.1 Delivery of System Elements to Using Site. The capability shall be
provided to transport Shuttle vehicle elements and related support equipment
from the site of manufacture to the launch and landing site. Such capability
shall include initial Orbiter delivery by ferry flight.

3.2.1.8 Recycle Launch Facility Functions *
3.2.1.8.1 Launch Facility Turnaround Support. The launch complex, including
support equipment and facilities, shall be refurbished and revalidated following
each launch of a Shuttle vehicle. Turnaround operations shall support flight
vehicle preparation and subsequent launch activities in a timeframe compatible
with the traffic model.

3.2.1.9 Perform Rescue Operations Functions. (TBD) *
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Table 3.2.1.1.6 Insertion Accuracy
Maximum Allowable One Sigma Dispersion of Actual State Vector at MECO

State Position (NM) Velocity (Ft/Sec)
Downrange 0.1 4.0
Crossrange 0.4 10.5
Vertical 0.15 4.5
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Structure Separation

Parameter/Event MECO Release Termination

Angle of Attack-Deg -4 + 2 -4 + 2 10
Roll Angle-Deg 0+ 2 0+5 0 + 30
Sideslip Angle-Deg 0+ 2 0+ 2 0+ 3
Yaw Rate-"/Sec) 0+ .5 0+ .5 0+1
Roll Rate-°/Sec) 0+ .5 0 + 1.25 0+ 2
Pitch Rate-"/Sec) ~25 + .5  —.25 £ .5 2.5 + 2.5
Dynamic Pres.lb/ft’ 0<3<10

Figure 3.2.1.1.10.2.4 Orbiter/ET Return to Launch Site
Abort Design Staging Conditions
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3.2.2 Design Characteristics

3.2.2.1 Flight Systems Design. The Shuttle System flight hardware shall
consist of a reusable manned Orbiter vehicle including installed Space Shuttle
Main Propulsion Engines (SSME), an expendable external tank, and Liquid *
Rocket Boosters (LRBs) which burn in parallel with the Orbiter SSMEs. The
Orbiter vehicle shall be capable of crossrange maneuvering during entry and
aerodynamic flight when returning from orbit.

3.2.2.1.1 (Deleted).

3.2.2.1.2 Mated Ascent Guidance, Navigation, and Control. The Shuttle Flight
Vehicle ascent guidance, navigation, and control function shall be accomplished
in accordance with Paragraph 3.3.1.3.2.1. The Orbiter vehicle shall provide
control to the Shuttle vehicle during mated ascent by throttling the MPS *
and/or LRB's to limit resulting rigid body, longitudinal acceleration as
specified in 3.2.1.1.11. Aerodynamic, inertial, and thrust loads shall be
limited by trajectory shaping and control, including throttling of the LRB
and/or MPS, yaw steering, and elevon position changes for the following

conditions:

a. Design winds, shears, and gusts are as specified in NSTS 07700,
Volume X, Appendix 10.10 applied with no SSME total thrust
fallures.

b. Design winds as specified in NSTS 07700, Volume X, Appendix 10.10
applied in conjunction with a total thrust loss from two LRB (one
per LRB) engines and/or SSME. The dynamic effects due to %
gust penetrations and LRB engine and/or SSME thrust loss shall
not be superimposed within five (5) seconds before or two (2)
seconds after the failure occurs.,

The ascent flight control system shall provide the capability to parallel the
SSMEs and LRBs in pitch and yaw axes during acceptable flight regions to *
enhance performance capability. The ascent flight control system shall also
provide the capability to unparallel the SSMEs and LRBs to improve control
authority and prevent engine collision as required.

3.2.2.1.2.1 Shuttle Systems Avionics Terminal Events, Timing Contraints. The
Shuttle System avionics terminal events times are contained in NSTS 07700 Volume
X, Appendix 10.14 and TBD. The terminal event times are for: (1) SSME start
command to LRB start command; (2) LRB start command to LRB ignition output
command; (3) the LRB jgnition command to LRB Holddown PIC fire output command; *
and (4) the LRB ignition command to T-0 umbilical retract PIC Fire output
command. System timing includes both serial time dealys required for the
initiation of a single event and the skew time between initiation of two events.

3.2.2.1.2.2 Shuttle Systems Avionics Main Engine Shutdown events, Timing
Constraints. The Shuttle Systems avionics timing constraints for Orbiter LOjp
prevalve close commands as referenced to either premature engine shutdown or
MECO shutdown commands at the SSME controller interface are contained in Figure
3,2.2.1.2.2.

3.2.2.1.2.3 Lift-off Flight Control and Sequence. The ascent FCS shall
initiate and execute the 1ift-off sequence and provide guidance and
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control to ensure that recontact between the mated vehicle and the launch
facility is prohibited.

3.2.2.1.3 Aeroelasticity. Static and dynamic structural deformations and
responses, including the effects of aeroelasticity under all limit conditions
and environments, shall be accounted for in the structural design and shall not
cause a system malfunction, preclude the stable control of the vehicle, or cause
unintentional contact between adjacent bodies.

3.2.2.1.3.1 Static Aeroelasticity. The lifting surfaces shall be free from
rdivergence" and the aerodynamic control surfaces shall not exhibit "reversal"
at dynamic pressures up to 1.32 times the maximum dynamic pressures, at the
appropriate mach number, or boost, abort, entry, and aerodynamic flight
envelopes.

3.2.2.1.3.2 Dynamic Aeroelasticity. The Shuttle vehicle shall be free from
classical flutter, stall flutter, and control surface buzz at dynamic pressures
up to 1.32 times the maximum dynamic pressure expected during flight. External
panels shall be free of panel flutter at 1.5 times the local dynamic pressure at
the appropriate temperature and mach number for all flight regimes including
aborts.

3.2.2.1.4 POGO. The Space Shuttle Vehicle, in all mated and unmated
configurations, shall be free of instabilities resulting from dynamic *
coupling of the structure, propulsion, and flight control subsystems during all
phases of powered flight with all payload variations. Consideration will be
given to stability margins, POGO suppression devices, OMS, LRB and main engine
dynamic characteristics, the vehicle flight control subsystem, and appropriate
parameter variations of these interacting subsystems. The total coupled system
shall be stable for any allowable combination of system parameter variations.

3.2.2.1.4.1 POGO Suppressor Requirements. A POGO suppressor shall be provided
on each Space Shuttle main engine and LRB engine, if needed. The effective *
point of application of the suppressor shall be located on the SSME low pressure
oxidizer turbopump discharge duct within 13 inches of the inlet flange of the
high pressure oxidizer turbopump. The effective point of application for LRB

engines is TBD. *
3,2.2.1.4.1.1 Compliance (TBD) 4 *
3.2.2,1.4.1.2 Inertance (TBD) *

3.2.2.1.4.1.3 Helium and Electrical Power Consumption. The suppressor design
and operations shall minimize helium and electrical power consumption which will
be supplied by the Orbiter.

3.2.2.1.5 Structure. The Shuttle vehicle structure, including pressure
vessels and mechanical systems, shall have adequate strength and stiffness, at
the design temperature, to withstand limit loads and pressures without loss of
operational capability for the 1ife of the vehicle and to withstand ultimate

3-31



loads and pressures at design temperature without failure. The structure shall
not be designed to withstand loads, pressures, or temperatures arising from
malfunctions that prevent a successful abort. Major structural elements *
shall not be designed by nonflight conditions, i.e., conditions other than
prelaunch (vehicle mating) through landing except for LRB water recovery if
considered.

3.2.2.1.5.1 Definitions. For the purpose of interpretation of this section,
the following definitions will apply:

a. Limit Load. The maximum load expected on the structure during
mission operation, including intact abort.

b. Ultimate Factor of Safety. The factor by which the limit load
is multiplied to obtain the ultimate load.

c. Ultimate Load. The product of the limit load multiplied by the
ultimate factor of safety.

d. Allowable Load. The maximum load which the structure can
withstand without rupture or collapse.

e. Maximum Operating Pressure. The maximum pressure applied to the
pressure vessel by the pressurizing system with the pressure
regulators and relief valves at their upper limit, with the
maximum regulator fluid flow rate, and including the effects of
system environment such as vehicle acceleration and pressure
transients.

f. Proof Pressure. The pressure to which production pressure
vessels are subjected to fulfill the acceptance requirements of
the customer, in order to give evidence of satisfactory
workmanship and material quality. Proof pressure is the product
of maximum operating pressure times the proof factor.

g. Margin of Safety. The ratio of allowable load to ultimate load
minus one.

h. Safe-Life. A design criteria under which failure will not occur
because of undetected flaws or damage during the specified
service life of the vehicle; also, the period of time for which
the integrity of the structure can be ensured in the expected
operating environments.

3.2.2.1.5.2 Ultimate Factors of Safety. The ultimate factors of safety given
in Table 3.2.2.1.5.2 shall be used for the Shuttle vehicle structure. The
following specific conditions are allowed:

a. The ultimate factors of safety for LO; tank buckling shall not
be less than 1.25 prior to initiation of prepressurization.

b. A safety factor of 1.491 for Power Reactant Storage Assembly is

acceptable for PRSD tank unit Part No. MC282-0063-0100 S/N SX
T0010.
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3.2.2.1.5.3 Design Thickness. Stress calculations of structural members,
critical for stability, shall use the mean drawing thickness or 1.05 times the
minimum drawing thickness, whichever is less. Structural members, critical for
strength, shall use the mean drawing thickness or 1.10 times the minimum drawing
thickness, whichever is less.

3.2.2.1.6 Ultimate Combined Loads. The mechanical external, thermally induced
and internal pressure loads should be combined in a rational manner. Any other
loads induced in the structure, e.g., during manufacturing, shall be combined in
a rational manner. In no case shall the ratio of the allowable load to the
combined limit loads be less than the factor in Table 3.2.2.1.5.2.

KqL external + KjL thermal + KL pressure > 1.40 Sigma L.

Ky = 1.4 for boost conditions when the term is additive to the algebraic sum,
Sigma L.
Ky = 1.4 for entry, atmospheric cruise, and landing when the term is additive

to the algebraic sum, Sigma L.

Ky = 1.4 for the ET and LRB main propulsion tanks and SSME and LRB engines *
when the term is additive to the algebraic sum, Sigma L.

Ky = 1.5 for all other tankage when the term is additive to the algebraic sum,
Sigma L.

Ky, Ky = 1.0 when the term is subtractive to the algebraic sum, Sigma L.

Mechanical externally applied loads, e.g., inertial loads,
aerodynamic pressures.

L external

L thermal

Thermally induced loads.

Maximum relief valve setting where additive to algebraic sum,
Sigma L.

L pressure

0 to minimum regulated when subtractive to algebraic sum, Sigma L.

Ultimate load = KjLeyternal + Kilthermal * K2lpressure:

where: Kj = The appropriate design factor of safety in Table 3.2.2.1.5.2
when the term is additive to the algebraic sum.

K> = The appropriate design factor of safety in Table 3.2.2.1.5.2
for all pressure vessels when the term is additive to the

algebraic sum.

K1, K2 = 1.0 when the term is subtractive to the algebraic sum.
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3.2.2.1.7 Allowable Mechanical Properties. Values for allowable mechanical
properties of structural materials in their design environment, e.g., subjected
to single or combined stresses, shall be taken from MIL-HDBK-5, MIL-HDBK-17,
MIL-HDBK-23, or other sources approved by NASA. Where values for mechanical
properties of new materials or joints, or existing materials or joints in new
environments are not availabe, they shall be determined by analytical or test
methods approved by NASA. Complete documentation of testing and analyses used
to establish material properties and design allowables shall be maintained by
the contractor, and the documentation shall be made available to the procuring
agency on request., When using MIL-HDBK-5, material "A" allowable values shall
be used in all applications where failure of a single load path would result in
loss of vehicle structural integrity. Material "B" allowable values may be used
in redundant structure in which the failure of a component would result in a
safe redistribution of applied loads to other load-carrying members.

3.2.2.1.8 Fracture Control. In addition to the ultimate factors of safety
presented in Paragraph 3.2.2.1.5.2, designs for primary structure, windows,
glass components of other subsystems, and tanks shall consider the presence of
sharp cracks, crack-like flaws, or other stress concentrations in determining
the life of the structure for sustained loads and cyclic loads coupled with
environmental effects. Parts determined to be fracture critical, including all
pressure vessels*, shall be controlled in design, fabrication, test, and
operation by a formal, NASA approved, fracture control plan as specified in
SE-R-0006, "JSC Requirements for Materials and Processes".

*For the purpose of this paragraph, a pressure vessel is defined to be a
component designed primarily for the storage of pressurized gases or liquids.

3,2.2.1.9 Fatigue. Safe life design shall be adopted for all major
load-carrying structures. These structures shall be capable of surviving
without failure a total number of mission cycles that is a minimum of four times
greater than the total number of mission cycles expected in service (shown by
analysis or by test through a rationally derived cyclic loading and temperature
spectrum)., This does not preclude fail-safe structural features.

3.2.2.1.10 Creep. The design shall preclude cumulative creep strain leading to
rupture, detrimental deformation, or creep buckling of compression members
during their service life. Analysis shall be supplemented by test to verify the
creep characteristics for the critical combination of loads and temperatures.

3,2.2.1.11 Flight Vehicle Main Propulsion Propellants. The flight vehicle
shall provide storage capacity for the main propulsion propellants in *
accordance with NSTS 07700, Volume X, Appendix 10.12.

3.2.2.1.12 Tank/Liquid Flight Control Coupling. Tanks containing liquid and the
flight control system shall be designed jointly to prevent or suppress coupling
between the slosh of the liquid, the vehicle structure, and the flight control
system.

3.2.2.1.13 Propellant Loading Accuracies. The root sum square overall system
loading accuracy to the 100% mass load level of the Space Shuttle System shall
be + 0.43% for LO2 AND + 0.35% FOR LH2. The allocation of uncertainties between
the vehicle and ground system are given in Table 3.2.2.1.13.
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3.2.2.1.14 LO, Geyser Suppression. The ET and LRB LO, fill, drain, and
engine feed design shall include provisions to suppress geysering to preclude
damaging the ET, Orbiter, SSME and LRB.

3.2.2.1.15 ET and LRB Venting. *

3.2.2.1.15.1 0, Venting. The 0Oz vent system shall not interface with the
Orbiter but shall vent directly into the atmosphere. 1In addition to providing
ET and LRB relief protection, the vent valves shall be capable of being *
actuated open, prior to launch, by ground command. The electrical command and
pneumatic supply will be provided by GSE. Capability shall be provided to
monitor the main propulsion LOX system pressures when vehicle or ground power
are not applied to the flight instruments.

3.2.2.1.15.2 Cryogenic Fuel Vent. (TBD) *

3.2.2.1.16 LOp Compatibility. Any material used internally in the liquid
oxygen system of the Space Shuttle System propulsion subsystems shall be *
compatible as determined by NHB 8060.1.

3.2.2.1.17 Design Environments.

3.2.2.1.17.1 Natural Environment. The Shuttle Flight Vehicle design shall
satisfy the natural environment design requirements specified in NSTS 07700 *
Volume X, Appendix 10.10.

3.2.2.1.17.2 Induced Environment. Fach element of the Space Shuttle and its
structural interfaces shall be capable of withstanding the incurred *
environment imposed during transportation, ground operations, and flight
operations as defined in NSTS 07700, Volume X, Appendix 10.11.

3.2.2.1.17.2.1 Ascent Heating Design Criteria. In general, all elements of the
Space Shuttle System shall be designed to withstand limiting induced ascent
aerodynamic and plume heating environments, encompassing all baseline reference
missions. The Orbiter vehicle for which limit ascent aerodynamic heating
environments coupled with reuse criteria would result in unnecessary weight *
and cost penalties, shall be designed to meet reuse requirements considering the
frequency of occurence of the ascent heating environments resulting from
statistical treatment of the baseline reference missions and shall be shown to
have single mission survivability for limit ascent aerodynamic heating case
encountered on any mission during the lifetime of the vehicle. The applicable
environments are defined in NSTS 07700, Volume X, Appendix 10.11.
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3.2.2.1.17.3 TPS Absorption. All TPS material and ijnstallation design shall
minimize absorption and entrapment of liquids or gases which would degrade *
thermal or physical performance or create a fire hazard (wicking), and shall not
require draining or drying. A dedicated purge system shall not be required from
refurbishment through launch, except for inadvertent exposure to rain after
flight and before weatherproofing.

3.2.2.1.18 Flow Induced Vibration. All flexible hoses and bellows shall be
designed to exclude or minimize flow induced vibrations in accordance with
MSFC-DWG-20M02540. Certification of hardware shall be in accordance with NSTS
08123.

3.2.2.1.19 Cross Contamination. Cross contamination of Space Shuttle System
elements, such as LRB jettisoning engine plume impingement of the Orbiter, *
shall be minimized.

3.2.2.1.20 Flight Element Mating Design Characteristics

3.2.2.1.20.1 ET/LRB Joints. The joint concept for ET/LRB utilization shall *
be capable of:

a. Assembly without internal access to the ET.
b. Assembly with access sufficient to
1. Easily verify alignment of mating interface;
2. Easily join (with positive engagement) the mating joint.

¢c. Assembly without requirement for makeup of explosive devices
during mating. :

d. Assembly allowing use of a nominal "O0" moment joint in the ET
interstage.

e. Assembly allowing unrestrained rotation in the Orbiter/ET
plane.

£. Assembly within the operational timeline.

g. Accommodating shrinkable induced loads caused by ET or *
LRB cryogen loading and LRB expansion or contraction.

h. Restricting LRB pitch misalignments, both LRBs deflected

symmetrically, to +0.25 degree maximum during launch and *
boost flight, for aerodynamic performance and flight control
considerations.

i. Restricting LRB yaw misalignments to +0.25 degree maximum *

during launch and boost flight for aerodynamic performance and
flight control considerations.

3.2.2.1.20.2 Orbiter/ET Joints. The joint concept for Orbiter/ET utilization
shall be capable of:
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a. Restricting Orbiter pitch misalignment to +0.25 degree maximum
during launch and mated flight operations for aerodynamic
performance and flight control considerations.

b. Restricting Orbiter yaw misalignments to +0.25 degree maximum
during launch and mated flight operations for aerodynamic
performance and flight control considerations.

3.2.2.1.21 Instrumentation Calibration Data. The flight system instrumentation
shall condition signal output data to follow specified theoretical or model
characteric curves. The output signal shall be within a specified error band of
the characteristic curve. Deviation from this standard shall be allowed only
where necessary to meet instrumentation accuracy requirements.

3.2.2.1.22 TFlight Termination System Design. A ground-commanded flight
termination system shall be provided on LRBs to destruct the LRBs, and on the ET
to disperse ET propellants. LRB system components shall be reusable where *
cost savings will result. The ET design shall provide flexibility by addition
or removal of components where possible. The system shall not require any
action by the crew to operate.

3.2.2.1.22.1 (Deleted).

3.2,2.,1.22.2 Destruct Safing. The LRB destruct systems shall be safed
electronically and mechanically prior to normal LRB separation by an automatic
signal from the Orbiter so that destruct action cannot occur and the LRBs are *
safe for recovery/retrieval operations. The mechanical safing shall provide a
physical interruption of the ordnance train.

3.2.2.1.22.3 Command System. The flight termination system radio command
system shall utilize a separate, secure flight code for each ARM and fire
command so configured that continuous transmission of unauthorized correctly
structured random formats for 30 minutes would allow not more than 1 chance in
108 of a valid command being accepted. The operational ground and flight
codes shall be classified and preflight testing shall be accomplished without
radiating the operational codes.

3.2.2.1.22.4 Range Safety Abort Light. Receipt of an "ARM" command by the
range safety flight termination system shall illuminate an Orbiter display light
to warn the crew.

3.2.2.1.22.5 Real-time Telemetry. The Orbiter shall provide real-time RF
transmission of range safety system (RSS) telemetry parameters through ascent.

3.2.2.2 Ground System Design. The ground system shall be designed to withstand
or be protected from the effects of the natural environments defined in NSTS *
07700, Volume x, Appendix 10.10 in addition to the requirements outlined in the
following paragraphs.

3.2.2.2.1 Ground Facilities. New ground facilities shall be designed in
accordance with NHB 7320.1, Facilities Engineering Handbook.

3.2.2.2.2 Ground Support Equipment. GSE required by the Shuttle Ground

Operations Systems shall be designed in accordance with SW-E-0002, Ground
Support Equipment, General Design requirements,
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3.2.2.2.3 (Deleted).
3.2.2.2.4 (Deleted).
3.2.2.2.5 (Deleted).
3.2.2.2.6 GSE Control and Monitoring. When hazardous operations or safety

dictates, servicing equipment and GSE used during test and launch operations
shall interface with ground stations to provide control and status monitoring.
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Table 3.2.2.1.5.2 Ultimate Factors of Safety

Components Factors of Safety
(Ultimate)
General structure & main propellant > 1.40 (A) (G) (H) (1) (J) (B)

tanks

Pressurized windows

A. Annealed panes

Initial F.S. 22.0
Final F.S. 2>1.0
B. Tempered panes
Initial F.S. >2.0
Final F.S. 2 2.0
Pressurized manned compartments 1.5
Pressure alone 1.5
Main propellant tanks ET & LRB - (C) (H)
(pressure alone)
Pressure vessels (other than main >1.5 (&) (B)
propellant tanks)
Pressurized lines and fittings
Less than 1.5-in, dia 4.0 (E) (F)
1.5-in. dia or greater 1.5

(A)
(B)
(©)

(D)
(E)
(F)

(6)

See Paragraph 3.2.2.1.6
See Paragraph 3.2.2.1.8

Factor of safety specified in element CEI and as determined by
Paragraph 3.2.2.1.8

(Deleted)
Design of hydraulic systems shall be in accordance with MIL-H-5440

Lines and fittings of less than 1.5-in. diameter may be designed to a
minimum factor of safety of 1.5 where advantageous to the Shuttle
vehicle, providing the rigor of design analysis and verification
testing performed is equivalent to that applied to other critical
systems/components. Whenever the exception allowed by this Paragraph
is utilized by an element, the affected system/components shall be
identified along with a brief descriptiion of the analysis and
testing applied to justify the adequacy and acceptability of the
lower factor of safety. All exceptions must be approved by the
Program Manager.

The landing gear system design shall comply with the following
structural loads design criteria:
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Table 3.2.2.1.3.2 Ultimate Factors of Safety - Concluded

Loading Condition Loads Definition FS Material Allowable
Landing Touchdown Loads Design 1.0 Yield
Rollout and Ground Handling Limit 21.4 Ultimate

* From MIL-A-8862, Paragraph 3.1.3

(H)

(I

)

LRB general structure - Before LRB separation, ultimate factor of safety
= 1.40. Exceptions to this requirement are (TBD) *
and will be handled on a case-by-case basis.

For the ET, the factor of safety for highly predictable gquasi-static
loads shall be equal to or greater than 1.25. Examples of such loads
are steady thrust, inertial loads from steady acceleration and weight.

The ultimate FS ot the LRB/ET forward separation bolt fracture groove

shall be 2 1.34. The 1.34 factor of safety is based on a maximum *
tensile load of -189,100 1bs.
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Table 3.2.2.1.13 Propellant Loading Accuracies

TBD
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PREMATURE SSME SHUTDOWN MECO SSME SHUTDOWN COMMAND AT THE
COMMAND AT THE MAIN ENGINE CONTROLLER INTERFACE

MAIN ENGINE CONTROLLER
INTERFACE
FAST SEQUENCE SLOW SEQUENCE
0.028 SEC SSME VDT UPDATE 0.064 SEC
4,5 SEC 1.176 SEC LOp PREVALVE COMMANDED 1.221 SEC
CLOSED
1.204 SEC ELAPSED TIME 1.285 SEC

———-—..—._—_—.—-«-—..————_—_—-————__—_—-—.——__—__._.__—_-—__-_.._.._.._

LRB ENGINE SHUTDOWN
TIMING CONSTRAINTS

TBD

Figure 3.2.2.1.2.2 Shuttle Systems Avionics Main Engine and LRB Engine
Shutdown Events, Timing Constraints
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3.2.3 Logistics. Shuttle System logistics requirements are specified in NSTS
07700, Volume XII.

3.2.4 Personnel and Training. Shuttle System personnel and training
requirements are specified in NSTS 07700, Volume XII.

3.2.5 Shuttle System Interface Characteristics

3.2.5.1 Shuttle System Interface with Communcations and Tracking Functions.,
The Shuttle System shall interface with the Communications and Tracking
Functions as defined in the following ICDs:
a. Space Shuttle System/KSC RF Communcation and Tracking ICD 2-0A004
b. Shuttle Communications and Tracking/USAF ICD 2-0D003
c. Shuttle Communications and Tracking/STDN ICD 2-0D004.
3.2.5.1.1 Range Safety Real-time Data. Specific telemetered Shuttle position
data and systems measurements will be provided to the AFETR range safety

officer's facility in realtime from prelaunch through ascent.

3.2.6 Shuttle System Measurement Requirements

3.2.6.1 Master Measurement List for Space Transportation System. (TBD) *

3.2.6.1.1 Shuttle Orbital Flight Test Calibration Data Plan. The Orbital
Flight Test Calibration Data Plan is specified in JSC 13047.

3.2.6.2 Main Propulsion Test Article Master Measurements List. The Main
Propulsion Test Article Master Measurements List is specified in NSTS 08222,

3.2.7 Test Requirements and Specificationsg for the Shuttle Main Propulsion Test
Program.

3.2.7.1 Test Requirements and Specifications Document. The test requirements
and specifications for MPT are specified in NSTS 08200.

3.2.8 Test Requirements and Specifications for the Shuttle Mated Vertical
Ground Vibration Test Program.

3.2.8.1 Test Requirements and Specifications Document. The test requirements
and specifications for the MVGVT are specified in NSTS 08201.

3.2.9 Test Measurements List for the Shuttle Mated Vertical Ground Vibration
Test Program.

3.2.9.1 Test Measurements List. The test measurements for the MVGVT are
specified in JSC 08223,
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3.2.10 QOperations and Maintenance Requirements and Specifications.

3.2.10.1 Operations and Maintenance Requirements and Specifications. The
Operations and Maintenance Requirements and Specifications for the Orbiter are
specified in JSC 08171, File I.

3.2.11 Operations and Maiatenance Requirements and Specifications for the
Orbital Flight Test for the Space Shuttle Program.

3.2.11.1 Operations and Maintenance Requirements and Specifications Document.
The Operations and Maintenance Requirements for the Orbiter are specified in JSC
08171, File III, Volumes 1, 2, 3, 4, 5, 6, and 7.

3.2.12 Operations and Maintenance Requirements and Specifications for the
External Tank for the Space Shuttle Program.

3.2.12.1 Operations and Maintenance Requirements and Specifications Document.
The operations and maintenance requirements for the External Tank are specified
in JSC 08171, File IV.

3.2.13 Operations and Maintenance Requirements and Specifications for the
Integrated OMRSD for. the Space Shuttle Program.

3.2.13.1 Operations and Maintenance Requirements and Specifications Document.
The Integrated OMRSD is specified in JSC 08171, File II, Volume 1.

3.2.14 Operations and Maiitenance Requirements and Specifications for the *
Liquid Rocket Booster for the Space Shuttle Program.

3.2.14.1 TBD *

3.2.15 Operations and Maintenance requirements and Specifications for the
Orbital Flight Test for the Space Shuttle Program.

3.2.15.1 Operations and Maintenance Requirements and Specifications Document.
The operations and maintenance requirements for the Primary Flight Control
System End-to-End Accuracy Test is specified in JSC 08171, File III, Volume 9.

3.2.16 Operations and Maintenance Requirements and Specifications for the
Orbiter Integrated Tests for the Space Shuttle Program.

3.2.16.1 Operations and haintenance Requirements and Specifications Document.
The operations and mainterance requirements for the Orbiter Integrated Test is
specified in JSC 08171, File III, Volume 8.

3.2.17 Operations and Maintenance Requirements and Specifications for the
Orbiter Control Loop Dynamic Stability Test for the Space Shuttle Program.

3.2.17.1 Operations and Maintenance Requirements and Specifications Document.
The operations and maintenance requirements for the Orbiter Control Loop Dynamic
Stability Test is specified in JSC 08171, File III, Volume X.
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3.2.18 Operations and Maintenance Requirements and Specifications for Mission
Equipment Kits for the Space Shuttle Program.

3.2.18.1 Operations and Maintenance Requirements and Specification Document.
The operations and maintenance requirements for mission kits are specified in
the appropriate flight vehicle element file of JSC 08171.

3.2.19 Test Requirements and Implementation Plan for KSC MLP HDP Stiffness.

3.2.19.1 Test Requirements and Implementation Plan for KSC MLP HDP Stiffness
Verification. The test requirements and implementation plan for the KSC MLP HDP
stiffness verification are documented in NSTS 08206.

3.2.20 Operations and Maintenance Requirements and Specifications for Ground
Support Equipment for the Space Shuttle Program.

3.2.20.1 Operations and Maintenance Requirements Specifications Document.
The Operations and Maintenance Requirements for Ground Support Equipment are
specified in JSC 08171, File VI for KSC and File XII for VLS.

3.3 SHUTTLE VEHICLE END ITEM PERFORMANCE AND DESIGN CHARACTERISTICS.

3.3.1 Orbiter Vehicle Characteristics.

3.3.1.1 Orbiter Performance Characteristics.

3.3.1.1.1 Pointing Accuracy. For payload pointing purposes, the Orbiter
vehicle shall be capable of attaining and maintaining any desired inertial local
verticle, earth surface pointing, or orbital object pointing attitude within the
thermal constraints defined in Section 3.2.1.1.12. The GN&C shall have the
capability to point any vector defined in either the IMU navigation base axis
system or the corresponding axis system of an equally accurate payload supplied
and payload mounted sensor (see Paragraph 3.3.1.3.3.5.2) to within +0.5 degrees
of the desired attitude (other than for orbital object pointing). For payload
pointing utilizing the Vernier RCS, the Orbiter Flight Control System (FGS)
shall provide a stability (deadband) of 10.1 deg/axis and a stability rate of
(maximum limit cycle rate ) of 0.0l deg/sec/axis when no vernier RCS thrusters
are failed. When using the large RCS thrusters, the Orbiter FCS shall be
capable of providing a stability of 10.1 deg/axis and a stability rate of 0.2
deg/sec/axis. Propellant needed for this requirement shall be chargeable to
payload weight (see Paragraph 3.2.1.1.2.1.1). For payload pointing and/or
stability requirements beyond the capability of the Orbiter, the Orbiter shall
be capable of interfacing with a payload-supplied and payload-mounted
stabilization and control system.

3.3.1.1.2 Rendezvous with Cooperative Target. The Orbiter vehicle shall
have an onboard capability to rendezvous with nominally inplane cooperative
targets and shall be the active vehicle during rendezvous, docking, and
undocking. Maximum RF tracking range shall be at least 300 nm,

3.3.1.1.3 Rendezvous with Passive Target. The Orbiter vehicle, by using
ephemeris data from ground facilities and onboard sensors and computation, shall
be capable of rendezvous with a passive, stabilized orbiting element. Onboard
RF tracking sensor information shall be provided for ranges equal to or less
than 19 km for a target whose effective RF cross-sectional area is 1 square
meter. The passive target sensor weight shall be a part of the Orbiter and
shall assess no weight or volume penalty to the payload.
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3.3.1.1.4 Crew Controlled Docking. The Orbiter vehicle shall be capable of
crew controlled docking to other Orbiter vehicle(s) or other compatible orbiting
elements during daylight or darkness.

3.3.1.1.5 Ranging Requirements. The Orbiter vehicle shall have the crossrange
capability to return to any pre-mission selected nominal, alternate, or intact
abort landing site supported by NSTS 07700, Vol X, Appendix 10.17 (Requirements
for Runways and Navigation Aids) for orbital inclinations from 28.5 to 104 *
degrees, inclusive. Provision shall be made for downrange maneuver capability
accounting for the effects of deorbit, entry guidance and entry dispersions,
including navigation, aerodynamic, atmospheric, and weight uncertainties. The
capability shall be consistent with that which is achievable from the program
baselined entry angle of attack profile of 40.0 degrees from any orbit.

3.3.1.1.6 Payload Integration. The Shuttle System shall provide for payload
removal or installation including replacement of removed payloads by dissimilar
payloads with the Orbiter vehicle in the vertical position on the launch pad.
Vertical installation/removal reconfiguration capability shall be provided for
the following Orbiter payload bay flight kits:

a. Payload structural attachments.

b. Standard Mixed Cargo Harness (SMCH) and Spacelab harness.

c. Mid and aft fuselage ballast.

d. OMS delta V propulsion module (requires 3-point longeron
attachment).

e. T-4 hours payload umbilical (requires payload removal above
umbilical)

f. Rescue.

At all other locations, payloads shall be installed and removed with the Orbiter
vehicle in the horizontal position. Both of the installation operations
(horizontal or vertical) shall be considered baseline and each consistent with
the current timeline allocations. When required for a specific mission and in
conjunction with a compatible payload, the installation and/or removal of an OMS
delta V propulsion module shall be possible without impact to or by an installed
payload. Payloads will have a standard ground handling interface.

3.3.1.1.7 Payload Bay/Payload_Access.

a. Physical Access in Orbiter Processing Facility Station:
The Orbiter vehicle and ground system facility shall provide
access to the payload bay and the payload through the Orbiter
crew compartment and by opening the payload bay doors.

b. Physical Access in VAB Integration Cell Station:
The Orbiter vehicle and ground system facility shall provide
access to the payload bay and the payload through the Orbiter
crew compartment. Any special provisions for personnel access

in the payload bay shall be provided by payloads.
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c¢. Physical Access at Launch Pad Station:

1. Horizontally Installed Payloads - The Orbiter vehicle and
paylcad shall provide access to the payload through the
Orbiter crew compartment until start of crew compartment
closeout at approximately T-12 hours. Any special
provisions for personnel access in the payload bay shall be
provided by payloads,

2. Vertically Installed Payloads - The Orbiter vehicle and
ground facility shall provide access to the payload through
the payload bay doors until start of payload bay door
closing prior to hypergol servicing at approximately T-13
hours.

3. Late Access to Payload Bay - Late access for unique
servicing and adjustment of payload elements after hypergol
servicing operations shall be possible through the payload
bay doors. This will increase the pad timeline and physical
access to the payload bay would terminate 8-1/2 hours prior
to lift-off.

d. Physical Access at the Landing Site Stations:

The Orbiter vehicle and ground system facility shall provide
access to the payload bay through the crew compartment from
landing to landing plus one hour. Any special provisions for
personnel access in the payload bay after landing shall be
provided by payloads. Access through the payload bay doors will
be available in the Orbiter Processing Facility Station,
compatible with Orbiter safing operations (approximately landing
plus 16 hours).

Note: Payload and payload bay access requirements not satisfied
by the above criteria will require unique Shuttle
operational scheduling and an increase in the 160-hour
baseline allocations.

3.3.1.1.8 Orbiter Landing. For Orbiter return, the Orbiter vehicle shall be
capable of operating into airfields that have runways equivalent to 12,500 feet
long and 150 feet wide at sea level on a hot day (103°F). The Orbiter *
vehicle shall be designed to land on such runways, allowing for hot
temperatures, wet grooved surfaces, and the wind conditions specified in NSTS
07700, Volume X, Appendix 10.10. NSTS 08192 defines the Math Model of Friction
Characteristics for Orbiter Main and Nose Gear Tires. The Orbiter shall also
have the capability to land under manual control.

3.3.1.1.9 Payload Weight at Landing. The Orbiter vehicle shall be designed to
land 32,000 lbs. of payload within the design load factors with the
environmental conditions specified in NSTS 07700, Volume X, Appendix 10.10.
Landings with heavier payloads (up to 65,000 1bs.) shall be constrained by an
Orbiter maximum landing weight of 240,000 lbs. as specified in Paragraph
3.2.1.5.1.1d. Propellant dump provisions or other provisions may be necessary
to accommodate these constraints for the various abort cases, RTLS, TAL, AGA,
and AFO.
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3.3.1.1.10 Extended Missions. The Orbiter vehicle design shall not preclude
the capability to extend the orbital stay time up to a total of 30 days. This
requirement shall not affect the cabin size or expendables, as defined in
3.2.1.1.2.1.10.

3.3.1.1.11 Passive Control Mode. For those payload experiment operations
requiring essentially zero g translational accelerations with no attendant
pointing requirements, the Orbiter shall be capable of operating in a passive
(free drift with jets inhibited) control mode within the Orbiter thermal
constraints defined in Section 3.2.1.1.12,

3.3.1.1.12 Payload Deployment Operations. During payload deployment
operations, the payload will be capable of sustaining loads imposed by the
Shuttle as a result of RCS attitude control. The definition of the flight
control system for RCS attitude control will be contained within the appropriate
PIP or ICD. Payload deployment operations include erection and/or extension.
This requirement does not apply to payloads requiring the RMS for payload
deployment/handling operations. Refer to NSTS 07700, Volume XIV, Paragraph
8.1.1 for RMS requirements.

3.3.1.2 Orbiter Design Characteristics.
3.3.1.2.1 Structure and Mechanical Subsystems.

3.3.1.2.1.1 Cabin Size. The cabin shall be designed to accommodate a total
crew of seven: three crewmen to operate the Orbiter and up to four payload
specialists. The design shall not preclude installation of crew support
equipment for a total of 10 crew members as required to implement an Orbiter-to-
Orbiter rescue. Configuration of the panels and structure above and below the
interdeck access hatch shall permit passage of a crewman in a pressurized EMU.
Shuttle System weight and performance control shall be per Volume X, Section
3.1.3.

3.3.1.2.1.2 Payload Accommodations.

3.3.1.2.1.2.1 Payload Envelope. A clear payload envelope 15 feet in diameter
and 60 feet in length shall be provided in the Orbiter paylocad bay. Payload
thermal and dynamic deflections and all payload protrusions (except the payload
attachment fittings) shall be contained within the payload envelope. Payload
side attachment fittings shall extend beyond the payload envelop to mate with
the Orbiter side attachment fittings which are outside the payload envelope.
Umbilicals required to interface the payload to the Orbiter or to GSE while the
payload is in the payload bay may also penetrate the payload envelope.

3.3.1.2.1.2.1.1 Payload Bay Clearance. The clearance between the paylocad
envelope and the Orbiter vehicle structure and subsystems shall be provided by
the Orbiter. This clearance will prevent interference between the payload and
Orbiter due to Orbiter deflection caused by the induced environment and during
payload deployment. Payloads are constrained to the payload envelope, when
subjected to the induced environment during the complete mission, beginning with
payload installation and ending with payload deployment or removal.
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3.3.1.2.1.2.1.2 Payload Viewing. The Orbiter shall have the capability of
exposing the entire length and full width of the payload bay. With the
payload door(s) and radiator(s) open, an unobstructed 180° lateral field of
view shall be available above the payload bay door frame and associated
mechanism.

3.3.1.2.1.2.2 Payload Center-of-Gravity. The Orbiter vehicle shall provide an
allowable center-of-gravity envelope as follows:

X GG (As shown in Figure 3.3.1.2.
tabulated in Table 3.3.1.2.

Y CG (As shown in Figure 3.3
tabulated in Table 3.3

Z CG (As shown in Figure 3 3 1.2.2
tabulated in Table 3.3.1. .1.2.2b)

.3.1.2
1.2
The payload center-of-gravity for payload weights up to 65,000 pounds must be
within the specified envelopes at the time of MECO for RTLS abort, and at the
time of entry (400,000 ft. altitude) for all other intact abort flightmodes.

For normal mission flights, the payload center-of-gravity for payload weights up
to 32,000 pounds must be within that specified portion of the envelopes at the
time of entry (400,000 ft. altitude). The payload weight associated with the
center—-of-gravity envelopes jncludes all payload weight chargeable items
required for the mission and location of such items. Even 1f they are located
outside of the payload bay clearance envelope must be included in the payload CG
determination.

3.3.1.2.1.2.3 Payload/Vehicle Dynamic Interfaces. Payload/vehicle dynamic
interactions shall be minimized through proper design procedures. The
Orbiter/payload combination shall be based on the payload frequency constraints
contained in Volume XIV, Attachment 1 (ICD 2-19001).

3.3.1.2.1.3.4 Ku-Band Radiation Environment. The maximum Orbiter generated RF
field intensity on payloads during orbital operations shall not exceed

68 volts/meter. The Orbiter shall provide positive limits on the Ku-Band
antenna to preclude the irradiation of payloads in the cargo bay in excess of
this field intensity. An override capability will be provided for missions with
payloads which have a high maximum power density limitation (greater than 304
volts per meter). During deployment and retrieval, operational procedures will
be used to ensure the RF field intensity limit is not exceeded. Payloads which
cannot tolerate 68 volts/meter will require special provisions.

3.3.1.2.1.3 Docking Module. An androgynous docking module shall allow positive
interception, engagement, and release of the Orbiter vehicle with other orbital
elements or another Orbiter vehicle. It shall not be necessary to remove any
part of the docking module to allow personnel or cargo transfer. A clear
transfer passageway of not less than 0.92 meters diameter shall be provided.

The docking module shall be removable when not required for the mission. The
docking module shall be chargeable to the payload.
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3.3.1.2.1.4 Payload Deployment and Retrieval mechanism. The Orbiter vehicle
shall provide a payload deployment and retrieval mechanism which shall be
chargeable to the Orbiter weight and shall be stowed outside the 60-foot length
by 15-foot diameter payload enveloped. The deployment/retrieval mechanism shall
have the capability to deploy and retrieve payloads with dimensions of 15-ft
diameter and 60-foot length within two orbits after initiation of the sequence
and in accordance with the requirements of Paragraphs 3.2.1.1.3 and 3.2.1.1.3.1.
The deployment/retrieval mechanism shall have the capability to perform the
deployment of a payload within 25 minutes from the release of the payload from
holddown to release of the payload from the manipulator in space. The
deployment/retrieval mechanism shall be utilized for zero g handling of
payloads. Space orbiting elements may be berthed to the Orbiter using the
deployment and retrieval subsystem. If tilt tables or swingout systems are
requirement for payload handling, these devices shall be part of the payload,
chargeable to payload weight and volume.

The Orbiter remote manipulator system shall:

a. Provide the manipulator arm on the Orbiter as standard
equipment;

b. Provide scar weight and control mountings for a second
manipulator arm as a payload option.

The capability shall exist to remove the one manipulator arm provided by the
Orbiter, when not required, to provide additional payload weight capabilities.

The second manipulator system shall be installed as a payload weight chargeable
kit. Capability shall be provided to operate two manipulators in serial-only
(non-simultaneous) operations. Capability will be provided, however, to hold
or lock the payload with one manipulator while operating the second manipulator
arm. The Orbiter shall provide the capability to jettison and verify jettison
of manipulator arm assemblies. The capability shall be provided to individually
jettison each manipulator arm.

3.3.1.2.1.4.1 Multiple Payload Deployment and Retrieval. Within the reach
limits of the deployment/retrieval mechanism, the Orbiter vehicle shall have the
capability to deploy and retrieve single or multiple (5) payload elements
on-orbit during a single mission, including placement or docking of payloads to
a stabilized body. In applying this requirement, payload attachment schemes
shall be compatible with Orbiter capability for operating a maximum of 15 active
retention mechanism latches.

3.3.1.2.1.4.2 Payload Retention. An active retention and release mechanism
for the payload shall be provided.

3,3.1.2.1.4.3 Payload Swingtable Attachment. Attachment of the payload
swingtable shall be provided through use of existing payload attachments and/or
hardpoints in the Payload Bay.

3.3.1.2.1.4.4 Payload contingency Retrieval. The payload deployment and
retrieval mechanism shall have the capability to retrieve deployed/detached
payloads, in a non time-constrained manner, weighing up to 65,000 pounds and
suitably configured for Orbiter installation.
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3.3.1.2.1.5 Orbiter Control Weight and CG Limits. The Orbiter element inert
control weight is specified in NSTS 07700 Volume X, Appendix 10.12. The
longitudinal CG of the operational Orbiter vehicle (with main engines), crew and
provisions, and payload for entry through landing, be within the limits of 65%
to 67.5% of the Orbiter body length. The Orbiter lateral CG variation shall be
+1.5-inches maximum, and the Orbiter vertical CG shall be between waterline
stations 360.0 and 384.5 (Orbiter coordinates) upon entry.

The longitudinal CG of the operational Orbiter vehicle with main engines
included, crew and provisions, and payload shall be within the limits of 65% to
67.5% of the body length.

3.3.1.2.1.6 TPS Design. The TPS shall be designed to accomplish the reference
missions in 3.2.1.1.3. On-orbit thermal conditioning for up to 12 hrs prior to
entry shall be accommodated for missions where the TPS temperatures exceed the
design values associated with one revolution missions. For emergency entry,
where preentry thermal conditioning cannot be performed, structure over
temperature from design values is allowed with the resulting degradation in
vehicle service life.

3.3.1.2.1.7 Orbital External Configuration. The Orbiter shall conform to the
moldline envelope specified in TBD , "Shuttle Moldline and *
Protuberances"”.

3.3.1.2.1.8 Airlock. An airlock shall be provided to accommodate two-man EVA
operations without the necessity for crew cabin decompression, or decompression
of an attached manned payload. The airlock shall accommodate any of the
following installation configurations:

a. Inside the crew module.
b. 1Inside the crew module with tunnel adapter in series.

¢. In the payload bay mounted on the aft side of the crew cabin
bulkhead.

d. On top of the tunnel adapter in the payload bay.

3.3.1.2.1.9 Tunnel Adapter. A removable tunnel adapter with capability for
attachment of an outside airlock shall be provided to accommodate continuous
crew cabin to manned payload access during EVA. The tunnel adapter design shall
allow an EVA crewman to access a depressurized Spacelab without the necessity of
crew cabin depressurization.

3.3.1.2.2 Propulsion.

3.3.1.2.2.1 Main Propulsion Subsystem (MPS). The Orbiter vehicle main
propulsion subsystem assisted by two liquid rocket boosters during the *
ijnitial phase of the ascent trajectory shall provide the velocity increment and
thrust vector control from 1ift-off to main engine shutdown with a maximum SSME
gimbal deflection of +11 degrees in pitch and +9 degrees in yaw.
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3.,3.1.2.2.2.1 O0OMS Burn Sequence. The OMS shall be capable of burning all of
its allocated propellant in either a single long burn or a series of multiple
burns spaced over the mission duration.

3.3.1.2.2.2.2 OMS Tank Sizing. The integral OMS pressurant/propellant tankage
shall be sized for a delta V capability of (TBD) fps with a 65,000 pound payload.

Provisions shall be made to incorporate additional tankage capacity to achieve
an overall propellant capacity of 2.5 times that of the integral tankage. The
additional capacity shall be provided by supplementary propellant supply kits
located in the payload bay clear volume and will be payload volume and weight
chargeable items. The auxiliary tankage kits shall be designed such that either
one, two, or three kits may be installed as required.

3.3.1.2.2.3 Reaction Control Subsystem (RCS). The RCS shall provide three-axis
angular control and three—axis translation. The RGS shall provide translational
delta V for Orbiter/ET separation, and rendezvous and docking as defined in
3.2.1.1.3. Vernier RCS thrusters shall be provided for use in angular control
modes for low stability rates.

3.3.1.2.2.3.1 RCS Thrusters Installation. The RCS thrusters installation shall
be such as to minimize angular crosscoupling during all RCS operations, and to
minimize translational accelerations during rotational maneuvers, and rotational
accelerations during translational maneuvers.

3.3.1.2.2.3.2 RCS Tank Sizing. The RCS tankage shall be sized to provide the
RCS translational delta V requirements for accomplishing the missions specified
in 3.2.1.1.3 and attitude control from main engine shutdown to initiation of OMS
burn, the pointing accuracies specified in 3.3.1.1.1; and the attitude control
on-orbit and during entry. Mission requirements that exceed the maximum
feasible size of the RCS tanks may be accommodated by loading and using
propellant in the OMS tanks.

The RCS tankage shall also have the capability to be off-loaded utilizing the
PVT method, to a minimum 65% (by wt) of maximum rated loading for specific *
selected missions, as deemed necessary.

3.3.1.2.3 Avionics.

3.3.1.2.3.1 General Requirements.

3.3.1.2.3.1.1 Auto landing. The avionics subsystems shall provide automatic
landing capability (following acquisition of terminal area RF landing aid
signals) through rollout for orbital missions with the Orbiter vehicle
configured for non-propulsive atmospheric flight. The auto landing capability
shall provide the control to:

a. Maintain the Orbiter on the proper glide slope during the
landing approach phase,

b. Maintain the directional control necessary to bring the Orbiter
to touchdown on the runway,
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3.3.1.2.2.2 Orbital Maneuver Subsystem (OMS). An Orbital Maneuver System
shall provide the propulsive thrust to perform orbit insertion, orbit
circularization, orbit transfer, rendezvous, and deorbit,.

¢. Perform the final touchdown maneuver,

d. Maintain the Orbiter's heading on the runway in a safe
orientation through rollout.

Rollout is defined as the portion of the landing from touchdown to the point
where the Orbiter is brought to a full stop or can be manually turned off the
runway onto a taxiway. The automatic landing capability shall incorporate
rudder control, nose wheel steering, and/or differential braking to provide
directional control. Deployment of the landing gear and application of the
braking device shall be manual. Redundancy requirements shall be provided as
specified in 3.3.1.2.3.1.2.

3.3.1.2.3.1.2 Redundancy. The avionics subsystem shall have sufficient
redundancy capabilities, using the flight crew as necessary (with provisions for
periods of simultaneous sleep), to provide mission completion after any single
failure. After the minimum required time has elapsed to achieve the selected
post-failure configuration by automatic or manual means (whichever is used for
the given failure), the same subsystem shall have the ability to sustain any
second failure and terminate the mission safely.

In addition to Criticality 1 and 2 single failure points, the items during
intact abort not meeting the fail safe redundancy requirements shall be
identified in the individual element critical items list.

The avionics subsystem shall not preclude the capability for abort specified in
3.2.1.5.1 herein.

Deviations/Waivers (TBD) *

3.3.1.2.3.1.3 COMSEC/TEMPEST Requirements for DOD. The TEMPEST requirements
will be as specified in classified technical direction. An RF Orbiter TEMPEST
Evaluation will be performed by a USAF team with NASA support.

3.3.1.2.3.2 Communications and Tracking Subsystem (C&T). The communications
and tracking subsystem shall provide for:

a. Reception, transmission, and distribution of Orbiter, ground,
EVA, and attached payload voice. EVA communications will be
provided by Extravehicular Communicator (EVC). All external
voice interfaces with the Orbiter shall be a nominal ODBM
signal level, 300 to 3000 Hz pass band and a nominal 600 ohm
balanced impedance.

b. Transmission of realtime and stored operational PCM data and
LRB realtime operational instrumentation data, from launch *
to separation, as required for LRB flight evaluation and
performance assessment.
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Reception of payload PCM telemetry in NRZ - L, Mor S or
Bi-Phase L, J, or S codes.

Transmission of payload commands in NRZ - L, M or S codes.
Receiving and decoding of ground-to-Orbiter commands.

Landing and atmospheric navigation RF aids, and on-orbit
tracking to include, two-way doppler and GSRDN ranging.

Generation, transmission and distribution of television
signals.

Tracking targets.

The installation and operations of GFE COMSEC equipment for
encryption/decryption/authentication for DOD missions.

Transmission of main engine PCM data.
Reception of EVA data.

Reception and retransmission of payload data (including the
handling of encrypted data and non-standard payload data) to
the ground via either the S-Band PM downlink or the Ku-Band
downlink operational data channel (selectable). Time
correlation between Orbiter data and payload data shall be
provided to within one millisecond.

Reception and processing of Global Positioning System (GPS)
data to derive the current Space Shuttle navigation state. Use
of GPS by the Space Shuttle, combined with GPC software for
onboard deorbit targeting calculations, shall provide onboard
navigation autonomy for the Space Shuttle. These capabilities
have an operational effectivity of the fourth quarter of
calendar year 1982.

The communication and tracking subsystem shall provide the capability to
transmit and receive between the Orbiter and the following, subject to the
compatibility requirements of the applicable Interface Control Document (ICDs).

Other space vehicles

Payloads

Extravehicular astronauts

Prelaunch checkout facilities

Air Traffic Control (ATC) facilities

Space Tracking and Data Network (STDN)
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g. Tracking and Data Relay Satellite (TDRS)

h. Air Force Satellite Control Facility (AFSCF)
i. Orbiter vehicle landing site facilities

j. Ground navaids and facilities

The communications and tracking subsystem shall provide the capability of
performing the following on-orbit functions simultaneously.

- Two-way phase coherent S-Band PM communication with either TDRS
or a STDN ground station or an AFSCF ground station.

- S-Band FM transmission of TV or sideband data to either a STDN or
an AFSCF ground station.

- Two-way S-Band communication with one detached NASA or USAF
payload.

- The Ku-Band communication/rendezvous radar system has an
effectivity of March 1981.

The S-Band PM links transfer single digital data streams which combine voice and
telemetry for the downlink and combine voice and command for the uplink. The
resulting Time Division Multiplexed (TDM) data streams shall be identical for
the TDRS, STDN, and AFSCF links, although further processing shall be applied
for transmission compatibility.

The Ku-Band forward link shall simultaneously transfer command data, two voice
channels and wide-band data (for direct routing to the attached payload
interface) to the Orbiter. The Ku-Band return link shall transmit data at
maximum rate of 50 Mbps; the actual data rate chosen will depend on the Bit
Error Rate (BER) requirements of the payload(s). The Effective Isotropic
Radiated Power (EIRP) of the Orbiter Ku-Band return link shall be 48.8 dBW.
The Ku-Band error rate between the Orbiter antenna and TDRSS ground station
antenna shall be no greater than a one bit error in every 100,000 bits
transmitted (minimum BER of 1 x 10‘5). Ku-Band shall have the capability to
relay to the ground (in a bent-pipe mode) data from attached or detached
payloads.

The Ku-Band return link shall operate in either of two selectable modes; one
offering simultaneous transmission of three channels.

Utilization of the various channels will be on a time-shared basis. The
informtion to be transmitted via Ku-Band shall consist of various combinations
of the following signals:

a. Realtime operational data

b. Uplink text and graphics data (144 Kbps forward 1link)
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¢. Recorder dumps

d. Wideband digital data (up to 50 mbps max.)

e. Payload Standard TV

f. Orbiter TV

g. Wideband analog data (including non-standard TV)"~

3.3.1.2.3.2.1 S-Band Antenna. The Orbiter S-Band subystem shall have a minimum
antenna gain of +4 dB over a spherical coverage of at least 85%.

3.3.1.2.3.3 Guidance, Navigation, and Control Subsystem. The GN&C subsystem in
conjunction with supporting subsystems shall be capable of providing guidance,
navigation, and control for the flight vehicle through all phases of flight from
launch through landing and for aircraft aerodynamic flight modes. The control
system shall have capability to provide Modal Suppression and/or attenuation as
required for dynamic stability. Modal Suppression for control of dynamic loads
(if necessary) shall be accomplished within the constraints of hardware and
stability requirements.

3.3.1.2.3.3.1 GN&C Ground